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Foreword 


My name is David De Pieri. Fm a shop teacher and 
CEO of theShopTeacher.com, a resource center for 
middle school and high school shop teachers. Previ- 
ously, I worked as journeyman machinist and CNC 
programmer/operator for eleven years. As my years in 
the trade accumulated, I realized I had a strong desire 
to pass this wealth of knowledge and experience to 
younger people, so I followed my dream to become a 
high school shop teacher and subsequently develop 
my Web site. It was during my schooling in 1990 that I 
had the great fortune of meeting another equally pas- 
sionate educator, Dave Cutcher, author of Electronic 
Circuits for the Evil Genius. He was my partner on 
several projects while at the British Columbia Insti- 
tute of Technology and his strength, obvious even 
then, was his ability to explain things clearly. 


After teaching machine shop and drafting in my 
hometown for 12 years and feeling very comfortable, 
I recently moved to a new community, which meant a 
new teaching assignment for me with a very new 
challenge, the electronics program. This was an area 
where I certainly had questions. I called on Dave, 
who J hadn’t talked to in many years—what a tremen- 
dous help he was. 


Shop teachers like to share their material and so 
too, without hesitation, did Dave. He gave me an arm- 
ful of resource material, including a CD that would 
make up the backbone of his electronics book. In 
essence, I had the first copy of his book in digital for- 
mat. His material was a lifesaver for me. I could see 
the many hours of hard work he had put into what 
would become Electronic Circuits for the Evil Genius. 
What I appreciate most about Dave’s material is the 
fact that it works well for the independent learner, 
like myself, as well as for the kids in the classroom. 

Generally speaking, I put my money on the man 
with experience. Dave Cutcher has been teaching 
electronics for many years and his format stands out 
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as the only effective introductory electronics books 
I’ve seen. His learning curve is gentle but continually 
challenges the student. One idea builds on the next. 
Both analog and digital electronics are explained 
with many hands on and practical projects. His 
images help explain clearly what words can’t show. 
My students find his work easy to understand and 
pleasantly taxing. 

Over the past few years working with my Web site, 
project submissions in electronics have been scarce 
and inquiries have been many as to where someone 
can get any practical and realistic help. Last year, 
someone posted a message on my Web site asking if 
anyone knew of a good text to introduce electronics 
to the basic beginner. The responses from the mem- 
bers of the Web site were, “Save your money,” but 
Dave responded by saying his book was in the works. 
With his book completed, I can vouch for him by 
agreeing this is the only book I’ve seen that effec- 
lively introduces “real” electronics. Using Dave 
Cutcher’s book will eliminate a huge amount of work 
and frustration that the independent learner has 
faced until now, and will give them a solid base for 
understanding electronics. Like I’ve said on my Web 
site,““Why do we continue to reinvent the wheel?” 
We should use what is already established by other 
teachers. This book greatly lessens the mystery gener- 
ally associated with electronics. Dave once told me, 
“Electronics isn’t hard . . . it’s new, but it isn’t hard.” 
He’s right, and he proves it with this book. 

Electronic Circuits for the Evil Genius provides 57 
lessons with good, solid material that makes electron- 
ics enjoyable and unintimidating. I highly recom- 
mend it to anyone interested in learning electronics 
at home, or to the classroom teacher as a class set. 


David De Pieri 
CEO, theShop Teacher.com 
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We casually accept electronics in our everyday world. 
‘Those who don’t understand how it works are casu- 
ally obedient. Those who take the time to learn elec- 
tronics are viewed as geniuses. Do you want to learn 
how to control the power of electronics? 


This text provides a solid introduction to the field of 
electronics, both analog and digital. Electronic Circuits 
for the Evil Genius is based on practical projects that 
exercise the genius that exists in all of us. Components 
are introduced as you build working circuits. These cir- 
cuits are modified and analyzed to help explain the 
function of the components. It’s all hands-on. Analysis 
is done by observation, using a digital multimeter, and 
using your computer as an oscilloscope. 


You will build two major projects in the first unit: 
e An automatic night light 


e A professional-quality alarm 


The remainder of the text focuses on three major 
projects, one per unit: 


e Building a digital toy using logic gates 
e Designing and building an application using 
digital counting circuits 


e Applying transistors and op amps as you build 
a two-way intercom system 


The lessons and prototype circuits built in the 
book are focused on developing a solid foundation 
centered on each of these major projects. You work 
from ideas to prototypes, producing a final product. 

I hope you enjoy building the projects and reading 
the book as much as I enjoyed developing them. 


Dave Cutcher 
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Section One 


Components 


In Lesson 1, you will be introduced to many common 
components that are always present in electronics 
and many of the bits and pieces you will use in the 
course. It starts out as a jumble. As you use the parts, 
the confused mass becomes an organized pile. 


In Lesson 2, you become acquainted with the two 
major tools that you will use throughout the course. 


In Lesson 3, you will build your first circuit on the 
solderless breadboard, a platform that allows you to 
build circuits in a temporary format. 


You use your digital multimeter and get voltage 
measurements when you set up and test your first cir- 
cuits. 


Lesson 1: Inventory of 
Parts Used in Part | 


All components look the same if you don’t know 
what they are. It’s like when you first visit a different 
country. There’s a pile of change, just like in Figure 
L1-01. You have to be introduced to the currency and 
practice using it, but you become comfortable with it 
quickly. Now you need to unjumble the pile and 
become familiar with your electronic components. 


Figure LI-O1 


Figure LI-O2 


Do not remove the small integrated-circuit (IC) 
chips shown in Figure L1-02 from their antistatic 
packaging. They are packed in a special antistatic 
tube or special sponge material. 


Semiconductors 


These are the electronic components you will be 
using in Part I. As you identify them, set them aside 


into small groups. 


Diodes 


You will need three power diodes as shown in Fig- 
ures L1-03 and L1-04. 


The number on the side reads 1N4005. If the last 
number is not 5, don’t worry. Any diode of this series 
will do the job. 


— m - 


Figure LI-03 


— a 


Figure LI-04 


Light-Emitting Diodes (LEDs) 


Light-emitting diodes are also known as LEDs. You 
will need three LEDs. An example ts illustrated in 
Figure L1-05. 


Figure LI-05 


They can be any color. The most common colors 
are red, yellow, or green. The color is unimportant. 


Resistors 
There should be lots of colorful resistors, nearly all 
the same size. 

Notice that in Figure L1-06 each resistor has four 
color bands to identify it. If you know the colors of 
the rainbow, you know how to read resistors. 


Figure LI-06 


Find these resistors: 
1 brown-black-brown-gold 100 Q 


2 yellow-violet-brown-gold 470 Q 

1 brown-black-red-gold 1,000 Q 

1 brown-black-orange-gold 10,000 Q 
1 red-red-orange-gold 22,000 Q 

t yellow-violet-orange-gold 47,000 Q 
1 brown-black-yellow-gold 100,000 Q 


Capacitors 


As you notice in Figure Lt-07, the capacitor shown is 
black and white. The colors of capacitors are different 
depending on the manufacturer, Then again, all pop 
cans look alike, but each brand has a different label. 
Locate four small cans, different in size. Written on 
each are different values and other mumbo jumbo. 
Look for the information that specifically lists 1 pF, 
10 uF, 100 uF, and 1000 pF. 


Figure LI-07 


There is another capacitor of a different shape to 
locate. Figure L1-08 shows the other capacitor used 
in Part I. Again, it is presented in black and white, 
because the color will change as the manufacturer 
changes. It is a 0.1 F capacitor. It may be marked as 
any of the following: 0.1 or y1 or 100 nF. 


Figure LI-08 


Silicon-Controlled Rectifier (SCR) 


The ID number 1607B for the silicon controlled recti- 
fier (SCR) is written on the face, as shown in Figure 
L1-09. This SCR comes in this particular package. 
Not everything with this shape is an SCR, just as not 
everything in the shape of a pop can is your favorite 
flavor. 
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-——— Figures L1-12 and L1-13 illustrate two push but- 
tons—they are different, but you can’t tell by looking 
at them. Figure L1-12 is the normally open push but- 
ton (push to close the contacts), and Figure L1-13 
shows the normally closed push button (push to open 
the contacts). 


Figure LI-09 


Figure LI-le 


Transistors 


You need two transistors like that illustrated in Fig- 
ure L1-10. They are identical except for the numbers 
3904 or 3906. All other writing and marks are the 
manufacturer telling us how great he or she is. 


Figure LI-13 


You should have lots of 24-gauge solid wire with 
plastic insulation. There should be plenty of different 
lengths. 


Two battery clips are shown in Figure L1-14. 


Figure LI-I0 — 


Hardware 


The solderless breadboard is shown in Figure L1-11. Figure LI-14 


Figure LI-ll 
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A 9-volt buzzer is shown in Figure L1-15. 


Figure L1-15 


Two printed circuit boards are premade for your 
projects: Figure L1-16 is to be used for the night-light 
project; Figure L1-17 ts for your SCR alarm project. 


Figure LI-16 
oo) 
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8 LED 
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Figure LI-17 


Two adjustable resistors are also supplied: The 
light-dependent resistor (LDR) is shown in Figure 
L1-18 and the potentiometer is shown here in Figure 
L1-19. 


Figure LI-18 


Figure L1-19 


Lesson 2: Major 
Equipment 


The Solderless Breadboard 


When smart people come up with ideas, first they 
test those ideas. They build a prototype. The easiest 
way to build prototypes and play with ideas in elec- 
tronics is on the solderless breadboard, shown here in 
Figure L2-01. 


f-Bonoao Bee eee UCC eooseaeaccooueoal 
~BO0CRD00000F0D0DCoCCbOCoOGCcCooDoDDDDVOC0CoOG 
“ooo ogon ooo eo nnpooooDop oD FPeroAAoGoPoSGoooAa 
mongdoooon ange oodoanoanoon eon oan AoAoOoo 
~POonoonanPoAsoenceonoeAodsfonrFonaeoaoo 
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Figure L2-01 
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The main advantage of the solderless breadboard ` 


is the ability to exchange parts easily and quickly. 

The top view in Figure L2-01 shows the many 
pairs of short five-hole rows and a pair of long rows 
down each side; each of these lines are marked with a 
strip of paint. 


The Digital Multimeter 


I recommend the Circuit Test DMR2900 displayed in 
Figure L2-02. 


CRCUIT-TesT 


DAR-2900 


Figure L2-02 


The auto-ranging DMM offers beginners the 
advantage of being easier to learn. 


The second style of DMM is not auto-ranging. This 
style is easy to use after you become familiar with 
electronics, but they tend to be confusing for the 
beginner. A typical dial of a nonautoranging multi- 
meter is confusing, as you can see in Figure L2-03. 


I discourage the use of outdated whisker-style 
multimeters for this course. Figure L2-04 gives an 
example of what to avoid. 
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Figure L2-04 


Connection Wire 


A box of wire provided in the kit is displayed in Fig- 
ure L2-05, 


Figure Le-05 


These are different lengths convenient for the 
solderless breadboard. If you need to cut the wire to 
different lengths, wire clippers will work perfectly. 
Old scissors work as well. 
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Set the dial of the DMM to CONTINUITY. This 
setting is shown in Figure L.2-06, 


Figure L2-06 


Touch the end of both red and black probes to the 
colored covering. The DMM should be silent and 
read OL, as in the readout illustrated in Figure L2-07, 
because the resistance of the insulation prevents any 


current from passing. 


CIRCUIT-TEST 


Figure L2-07 


Be sure the strip of insulating plastic is removed 
from both ends of the piece of wire as demonstrated 
in Figure L2-08. If you don’t have a proper wire strip- 
per available. use a knife or your fingernails to cut 
the insulation. Be careful not to nick the wire inside 


the insulation. 
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a strip E to 6 mm of insulation 


a trom the ends of each piece 


Paste 


Figure L2-08 


Now touch the end of both probes to the exposed 
wire. The DMM should read “00” and beep. just like 
the readout in Figure L2-09. The wire is a good con- 
ductor, and the DMM shows “continuity.” a con- 
nected path. 


fi 


Figure L2-09 


DMR-2900 


CIRCUIT-TEST 


Exercise: Mapping the Solderless Breadboard 
Strip the end of two pieces of wire far enough to 
wrap around the DMM probes on one end and 
enough to insert into the SBB on the other end. as 
shown in Figure L2-10. 


Figure Le-l0 
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1. Set your digital multimeter to continuity. Now 
refer to Figure L2-11. Notice the letters across 
the top and the numbers down the side of the 
solderless breadboard. 


X 
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Figure L2-11 


2. Probe placement 


a. Place the end of one probe wire into the 
SBB at point “h3” and mark that on the 
drawing. 


b. Use the other probe to find three holes 
connected to the first. The multimeter will 
indicate the connection. 


c. Draw these connections as solid lines. 
3. Base points 


a. Create four more base points at e25, b16, 
£30, and c8. 


b. Use the other probe to find three holes 
connected to each of these points. 


c. Again draw these connections as solid 
lines. 


4. Additional base points 


a. Choose two more base points on the out- 
side long, paired lines. These lines are not 
lettered or numbered but have a stripe of 
paint along the side. Mark them on the dia- 
gram above. 


b. Find three holes connected to each of 
these points. 


c. Again draw these connections as solid 
lines. 


S) 


Be sure that you can define the terms proto- 
type, insulator, and conductor. 
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6. With your multimeter set on continuity, walk 
around and tdentify at least five common 
items that are insulators and five common 
materials that are conductors. 


Lesson 3: Your First Circuit 


As you see, the solderless breadboard has a definite 
layout as shown in Figure L3-01. One strip of the 
spring metal in the breadboard connects the five 
holes. You can easily connect five pieces in one strip. 
The two long rows of holes allow power access along 
the entire length of the breadboard. 
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Figure L3-01 


Setting Up the Solderless 
Breadboard 


You will have a standard set up for every circuit. The 
battery clip is connected to one of the first rows of 
the breadboard, and the diode connects that row to 
the outer red line. See Figure L3-02. 


Figure L3-02 
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Notice the gray band highlighted in Figure L3-03 
on the diode. It faces in the direction that the voltage 
is pushing. 


—_— SE 


Figure L3-03 


The voltage comes through the red wire, through 
the diode, and then to the power strip on the bread- 
board. 


Why Bother? 


This power diode provides protection for each circuit 
that you build in the following ways:. 


e The diode is a one-way street. You can view 
the animated version of Figure L3-04 at the 
Web site www.books.mcegraw-hill.com/authors/ 
cutcher. 


Figure L3-04 


e Many electronic components can be damaged 
or destroyed if the current is pushed through 
them the wrong way, even for a fraction of a 
second. 


e This standard breadboard setup helps ensure 
you will always have your battery connected 
properly. 
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e Ifyou accidentally touch the battery to 
the clip backwards, nothing will happen, 
because the diode will prevent the current 
from moving. 


Breadboarding Your First 
Circuit 


Parts List 


D1—Power diode 1n400x 
LED1—LED any color 
R1—470-ohm resistor 


Your LED is a light-emitting diode. That’s right, a 
diode that emits light. It has the same symbol as a 
diode, but it has a “ray” coming out, as shown here in 
Figure L3-05. 


Figure L3-05 


Figure L3-06 is a picture of an LED. Never touch 
your LED directly to your power supply. A burned- 
out LED looks just like a working LED. Note in the 
picture how to identify the negative side, 


Figuel3-06 
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e The shorter leg: This is always reliable with 9v+ 
new LEDs, but not with ones that you have 
handled in and out of your breadboard. As diode 
you handle the components, the legs can get 
bent out of shape. 


e The flat side on the rim: This is always reliable 
with round LEDs, but you have to look for it. 


Remember, that the LED, asa diode, is a one-way 
street. It will not work if you’put it in backward. 


Figure L3-07 shows-several resistors. The resistor 
symbol is illustrated in Figure L3-08. The resistor you 


need is the 470-ohm yellow-violet-brown-gold. Figure L3-09 


Figure L3-07 


Figure l3-IO 


-~A ~- A Quick Note 


er EEEN 1. Always complete your breadboard before you 


Figure L3-08 attach your power to the circuit. 


2. Attach your battery only when you are ready 
to test the circuit. 
Resistance is measured in ohms. The symbol for 


ohms is the Greek capital letter omega, 0. 3. When you have finished testing your circuit. 


take your battery off. 
The schematic is shown in Figure L3-09. Set up 


your breadboard as shown in Figure L3-10. Note that When you think you've got it, connect the battery 
this picture shows the correct connections. The red and find out. 

wire of the battery clip is connected to the power 

diode that in turn provides voltage to the top of the 

breadboard. The black wire is connected to the blue 

line at the bottom of the breadboard. 
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Exercise: Measuring Voltage on Your First Circuit 
Your First Circuit Should Be Working 
Figure L3-!1 shows what is happening, Like a water- 


fall, all of the water goes from the top to the bottom. 


The resistor and LED each use up part of the volt- 
age. Together they use all the voltage. The 470-ohm 


resistor uses enough voltage to make sure the LED 


has enough to work, but not so much that would burn 


it out. 


voltage. 
source 


Figure L3-11 


Let’s look at how the voltage is being used 
in the circuit 


12 


Set the DMM to direct current voltage (DCV). 
If you are using a multimeter that is not auto- 
ranging, set it to the 10-volt range. 


Measure the voltage of the 9-volt battery 
while it is connected to the circuit. 


Place the red (+) probe at test point A 
(TP-A) and the black (—) probe at TP-D 
(ground). The arrows in the schematic shown 
in Figure L3-12 indicate where to attach the 
probes. Corresponding test points have been 
noted in Figure L3-13 as well. 


Record your working battery 
voltage. V 


Measure the voltage used between 
the following points: 


TP-A to TP-B across the safety 
diode V 
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Figure L3-12 


Test Point A 


Pi 


Figure 13-13 


TP-B to TP-C across the 470-ohm 
resistor 


TP-C to TP-D across the LED 
6. Now add the voltages from #5, 


7. List working battery voltage 
(recorded in item 2). 


V 


8. Compare the voltage used by all of the parts 


to the voltage provided by the battery. 


The voltages added together should be approxi- 


mately the same as the voltage provided by the 
battery. It may be only a few hundredths of a volt 
difference. 
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Lesson YU: Reading 


Resistors 


If you know the colors of the rainbow, you know how 
to read resistors (Table L4-1). 


Brown Red Orange Yellow Green Blue Violet 
The gold bands are always read last. They indicate 
that the resistor’s value is accurate to within 5%. 
Table L4-1 Resistor band designations , 
First Band: Second Band: Third Band: 
Color Band Value Value Number of Zeros 
Black 0 0 No zeros 
Brown 1 l One zero 
“yr 
Red 2 2 Two zeros 
“00” 
Orange 3 3 Three zeros 
“000” 
Yellow 4 4 Four zeros 
“0,000” 
Green 5 5 Five zeros 
“00,000” 
Blue 6 6 Six zeros 
“000,000” 
Violet 7 7 Not available 
Gray 8 8 Not available 
White 9 9 Not available 


Gray White 


Units 


Tens 
Hit 


Hundreds 
#40 


Thousands (k) 
#, #00 


Ten thousands (k) 
#4,000 


Hundred thousands (k) 
##0.000 


Millions (M) 
#,#00,000 


Ten millions (M) 
##,000,000 


When using the digital multimeter to measure 
resistance, set the dial to Q. Notice the two points of 
detail shown in Figure L4-1. 


CIRCUIT-TEST DMR-2900 


DCAC = D-H RH eter 


DE 32uF aa 3.2mF 


Figure LU-] 


The first point is that when the dial is set directly 
to the Q symbol to measure resistance, it also appears 
on the readout. Secondly, notice the M next to the Q 
symbol. That means the resistor being measured is 
0.463 MQ. That is 0.463 million ohms, or 463,000 


ohms. When it is there, never ignore that extra letter. 


As you use resistors, you quickly become familiar 
with them. The third band is the most important 
marker. It tells you the range in a power of 10. Ina 
pinch, you could substitute any resistor of nearly the 
same value, For example, a substitution of a red-red- 
orange could be made for a brown-black-orange 
resistor. But a substitution of a red-red-orange by a 
red-red-yellow would create more problems than it 
would solve. Using a completely wrong value of resis- 
tor can mess things up. 


Exercise. Heading Resistors If you have an auto- 
ranging multimeter, set the DMM to measure Resis- 
tance. If you do not have an auto ranging DMM. you 
have to work harder because the resistors come in dif- 
ferent ranges. You have to set the range on your DMM 
to match the range of the resistor. That means that you 
should have an idea of how to read resistor values 
before you can measure those values using a DMM 
that is not auto ranging. An auto ranging DMM really 
does make it much easier. 


Your skin will conduct electricity. and if you have 
contact with both sides of the resistor, the DMM will 
be measuring your resistance mixed with the resis- 
tor’s. This will give an inaccurate value. 

Proper Method to Measure Resistor’s Value Figure 
L4-2 shows how to measure a resistor. Place one end 
of the resistor into your solderless breadboard and 
hold the probe tightly against it, but not touching the 
metal. You can press the other probe against the top 
of the resistor with your other finger. 


7y h ISi sE aN 


i 
| 
| 


Figure LU-2 


1. Some of the resistors you will need to be able 
to identify, because you use them soon, are 
listed in Table L4-2. 
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Table L4-2 Resistors needed 


First Band: Second Band: Third Band: Resistor DMM Value 
Value Value Number of Zeros Value 
Brown Black Brown 100.0 Q 
1 0 0 

Violet Brown 4700 me) 
4 7 0 
Brown Black Red 1,000 Q Q 
-n aee? 00 
Brown Black Orange 10k 
ees es 000 10,0000. ae 1) 
Red Red Orange 22k oS Q 
pala. See An 22.000 Q 
Brown Black Yellow 100 kQ 0) 

100.000 


2. Don’t be surprised if the resistor value is not 
exactly right. These resistors have a maximum 
error Of 5%. That means that the 100-ohm 
resistor can be as much as 105 ohms or as little 
as 95 ohms. Plus or minus 5 ohms isn’t too bad. 
What is 5% of 1,000,000? 


Lesson 5: The Effect 
Resistors Have on a 
Circuit 


Let’s go back to the breadboard and see how differ- 
ent resistors affect a simple circuit. The resistors and 
the LEDs are both loads. The resistor uses most of 
the voltage, leaving just enough for the LED to work. 
The LEDs need about 2 volts. 


What is the maximum you would expect to see 
on the 1,000-ohm resistor? Q 


What is the minimum you would expect to see 
on the same l-kilo-ohm resistor? Q 


3. Measure your skin’s resistance by holding a 
probe in each hand. It will bounce around, but 
try to take an average. Q 


What would happen if you changed resistors on 
the circuit you just built, shown in Figure L5-1? 


Did you know that this can be used as a crude 
lie detector? A person sweats when they get 
anxious. Have a friend hold the probes. Then 
ask them an embarrassing question. Watch the 
resistance go down for a moment. 


4. Write each of these values as a number with no 
abbreviations. 


10kQ = Q 
I kQ = Q 
ATKO = Q 
47 kQ = Q 
Figure L5- 
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You measured the voltage used across the resistor 
from TP-B to TP-C and measured the voltage used 
across the LED from TP-C to TP-D. 


Figure L5-2 is the schematic of the circuit. 


Figure L5-3 shows a waterfall. A waterfall analogy 
explains how voltage is used up in this circuit. The 
water falls over the edge. Some of the force is used 
up by the first load, the safety diode. More of the 
voltage is then used by the second load. the resistor. 
The remaining voltage is used by the LED. 


9v+ 


Figure L5-2 


voltage 
source 


safety 
diode 


Figure L5-3 


16 Electronic Circuits 


This “waterfall”? shows how the voltage is used by 
a 470-ohm resistor. If the resistor wasn`t there, the 
LED would be hit with the electrical pressure of 
more than 8 volts. It would burn out. The waterfall 
analogy helps you visualize how voltage is used in,a 
circuit. 

Remember, all the water over the top goes to the 
bottom, and all of the voltage is used between source 
and ground. Each ledge uses some of the force of the 
falling water. Each component uses part of the 
voltage. 

What happens if there is more resistance? More of 
the voltage is used to push the current through that 
part of the circuit, leaving less to power the LED. 


This is represented visually in Figure L5-4. 


voltage 
source 


R1=10 000 


Figure L5-4 
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Exercise: The Effect Resistors Have 

on a Circuit 

Your setup should look like Figure L5-5. Have your 
resistors arranged from lowest to highest value as 
presented in Table L5-1. 


Figure L5-5 


Table L5-1 Exercise sheet 


Voltage Voltage LED 

Total Drop Drop Brightness 
Resistor Voltage Across Across (compared 
Value Available Resistor the LED ta 470 Q) 
100 0 Vv Vv Vv a 
4700 v V v Normal 
2.200 1 v Vv Vv 
10,000 Q Vv Vv Vv 
47,000 Q Vv V V 
220,000 Q vV V v 


Lesson 6: The 
Potentiometer 


Not all resistors are “fixed” like the small color- 
banded ones that you’ve already been introduced to. 
A common variable resistor is the potentiometer, pic- 
tured in Figure L6-1. 

This useful device is often simply referred to as a 
pot. A smaller version is also shown. These are called 
Irim pots. You have often used potentiometers as 
volume controls. The maximum resistance value is 
usually stamped onto the metal case. 
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Figure L6-1 


Figure L6-2 shows a picture of a potentiometer 
taken apart. The potentiometer works because the 
sweep arm moves across the carbon ring and con- 
nects that to the center. The leg on the left is referred 
to as A, the center leg as C (center), and the right 
leg as B. 


@ 


Figure L6-2 


The carbon ring shown in Figure L6-3 is the heart 
of the potentiometer. It is made of carbon mixed with 
clay. Clay is an insulator. Carbon is the conductor. 


The action of the potentiometer is the sweep arm 
(copper on white plastic) moving across the carbon 
ring (Figure L6-4). The sweep arm allows the current 
to move between A and C as its position changes. 
The resistance between A and C also changes with 


distance. 
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Figure LB-3 i 

50K 

30K 70K 
Cc 
10K 90K | 
0 
A Š B 10K 30K 50K'70K' 90 

Figure L6-U 


The distance between A and B is always the same, 
so the resistance between A and B is always the 
same. The value for this demonstration potentiome- 
ter is 100,000 ohm. The 100-kilo-ohm value means the 
set value between legs A and B is 100 kilo-ohm. 
Ideally, the minimum between A and C is 0 ohm 
(directly connected), and the maximum between 
A and C should be 100 kilo-ohm. 


The ratio between carbon and clay determines 
how easily electrons pass through the a resistor. More 
clay mixed in leaves less carbon. The less carbon 
means less conducting material. That creates higher 
resistance. 


The carbon in the ring is similar to the carbon in a 
pencil. The pencil lead is also made of a mixture of 
carbon and clay. Carbon is the conductor. Clay is the 
insulator. 

Soft pencils have less clay, and more carbon. A 
mark by a soft pencil will have less resistance. 


Hard pencils have lead that contains more clay 
and less carbon. These provide higher resistance. 


Exercise: The Potentiometer 


i 


Use a No. 2 soft pencil to draw a thick line on 
this piece of paper as demonstrated in Figure 
L6-5. A harder pencil has too much clay and 
will not give good results. 


Figure L6-5 


Set your multimeter to measure resistance Q. If 
it is not auto ranging, set it to maximum resist- 
ance. 


Just as it is shown in Figure L6-6, press the 
probes down hard against the pencil trace 
about an inch apart. Be sure that you don’t 
touch the tips of the probe. You want to meas- 
ure the resistance of the pencil trace, not the 
resistance of your body. 


Figure i665 


a. Now record the resistance from the multi- 
meter. Q If the DMM says the 
resistance is out of range, move the probes 
together until you get a reading. 


b. Move the probes closer together; then fur- 
ther apart. Write down what you observe. 
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4. Use the 100-kilo-ohm potentiometer. Record 
your results. 


a. Measure the resistance between the two 
outer legs A and B. Q 


b. Adjust the knob and check the resistance 
between A and B again. Q 


c. Adjust the knob about 1/2 way. Measure the 
resistance between the left and middle 
leg—A and C. Q 


d. Turn the knob a bit and check again. Note 


any change. Q 


Explain what is happening, relating that to the car- 
bon ring shown in Figure L6-3. 


Breadboarding the Circuit 


Note the similarities of the schematic shown in Fig- 
ure L6-7 and the picture of the circuit displayed in 
Figure L6-8. 


ONT 


Figure L6-7 
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Figure L6-8 


5. Make sure that you have the battery hooked 
up properly through the power diode placed 
properly as noted on the schematic. 


6. As you turn the shaft of the potentiometer, the 
LED should brighten and dim. Explain what is 
happening. 


7. Why is there a 470-ohm fixed resistor in this 
circuit? 


Lesson 7: Light-Dependent 
Resistors 


Another variable resistor is the light-dependent 
resistor (LDR). The LDR changes its ability to 
conduct electrons with the change of light. 

It is commonly used to turn equipment on 
automatically as night falls. Some cars use it as the 
input to the switch that turns on headlights as 
conditions change, even as they drive through a 
tunnel. The symbol for the LDR is shown here in 
Figure L7-1, 


$ 


Figure L7-1 
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There is no room to place a value on most LDRs. 
They are ordered and supplied in specific values. An 
easy way to measure the maximum resistance is to 
measure it in darkness. 


Insert the LDR onto the breadboard so the legs 
are not connected, as shown here in Figure L7-2. 
Measure the resistance using your DMM. The read- 
out may be jumping around because LDRs are 
sensitive. 


Figure iza 


Look at Figure L7-3. Place lid of a black pen over 
the LDR and measure the resistance again. 


Figure 17-3 


Breadboard the Circuit in Table L7-1 


Table L7-1 Example circuit 


Parts List 
DI Power diode 
LDR 1 MQ dark 
LED 5 mm round 
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Note the similarities of the schematic in Figure 
L7-4 and the breadboard layout in Figure L7-5. 


Ovt 


VV 


Figure 17-4 


Figure L7-5 


What to Expect 


). Attach the battery and note the brightness of 
the LED. It should be fairly bright. 


2. Place the lid of the pen over the LDR again. 
The LED should dim to nearly nothing. 


3. Consider this. What is the relationship between 
the amount of light on the LDR and the LDR’s 
resistance? 


Exercise: Light-Dependent Resistors 


1. Disconnect the power supply. Measure and 
record the resistance of the LDR in the light. It 
may be necessary to take a rough average 
because it will be jumping around wildly. 


2. Place a dark black pen lid over the LED and 
measure the resistance again. Remember that 
your fingers can affect the read out. 
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Attach the power supply and note the bright- 
ness of the LED. Place the lid of the pen over 
the LDR again. State the relationship between 
the amount of Jight on the LDR and the resist- 
ance of the LDR. 


Note the minimum resistance that occurs on 
the LDR in the light. Why is the 470-ohm resis- 
tor not used in this circuit? 


Consider the “waterfall” diagrams presented in Figure L7-6 
Figure L7-6. From brightest to darkest condi- 

tions, what would be the best order of these 

diagrams regarding the LDR’s effect on the 

brightness of the LED? 
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Section Three 


More Components and 
Semiconductors 


Lesson 8: Capacitors and 
Push Buttons 


Yes, there is more to electronics than resistors and 
LEDs. Capacitors are used to store small charges. 
Push buttons allow you to control connections to 
voltage. This lesson introduces both capacitors and 
push buttons. You then build a circuit that applies 
them together. 


Capacitors 


A capacitor has the capacity (ability) to store an elec- 
tric charge. You can see in Figure L8-1 that the sym- 
bol of the capacitor represents two plates. 


~~ 


Non Polar 


3 


Polar 


Figure L8-1 E 
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Figure L8-2 


In Figure L8-2, the opened capacitor clearly shows 
that the capacitor is made of just two metal plates, 
with a bit of insulation between them. They come in 
three basic shapes and all sizes. 


Capacitors in the upper range. 1 microfarad and 
higher, are electrolytic capacitors. They must be con- 
nected the right direction. There are two indicators of 
the negative side. First, there is a colored stripe down 
the side that indicates polarity, and second, if both 
legs come out of the same side, one leg is shorter. 
That is the negative leg, It is “minus” some length. 
Only the electrolytic capacitors have a positive and 
negative side. The disk and film capacitors do not 
have a positive or negative side. A variety of capaci- 
tors are represented in Figure L8-3. 


Figure L8-3 


Remember that a backwards electrolytic is a dead 
electrolytic. These must be connected incorrectly. 
Figure L8-4 helps remind us. 


Figure L8-4 


When electricity was first being defined over 200 
years ago, the measurements were done with crude 
instruments that were not sensitive. The people who 
defined the units missed the mark, but we still use 
them today. The farad is the basic unit of capacitance. 
One farad is so huge that today, the standard unit in 
electronics is one millionth of a farad. The Greek let- 


ter » (mu) represents micro for the unit. That is 
0.000001 F or 1 X 10“ farads and is commonly writ- 
tenas 1 pF (1 pF = | microfarad = 0.000001 F = 1 
x 10°F). 

We'll go back to using the water analogy. If you 
think of the electric charge like water, the capacitors 
can be compared to containers able to hold that 
water. Capacitors have the ability (capacity) to store 
an electric charge. 


The amount of charge capacitors can hold 
depends on their purpose, just like varying size con- 
tainers used to hold water. Such containers are pic- 
tured in Figures L8-5, L8-6, and L8-7. 


Figure L8-5 


Figure L8-6 
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Figure L8-7 


As mentioned before, capacitors come in three 
standard types. 


Disk capacitors hold the smallest amount. They 
have a common shape shown in Figure L8-8. They 
are so small that their capacitance is measured in tril- 
lionths of a farad, called picofarads. Their general Foweleo: =#=8##= #8 TTT 
range is from 1 picofarad to 1,000 picofarads. To look 
at that another way, that is 1 millionth of a micro- 
farad to 1 thousandth of a microfarad. 


Figure L8-8 


To visualize the size of charge they areableto eee 
hold, think of water containers ranging from a thim- Figure L8-10 
ble (Figure L8-9) up to a mug (Figure L8-10) 


suo}4ng ysng Pue szoytoedes — g uossay 
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Film capacitors are box shaped as shown in Figure 
LS-11. They are midrange. They hold between a thou- 
sandth of a microfarad up to a full microfarad. 


Figure L8-11 


Their capacitance range is 1,000 times that of the 
disk capacitor. A good analogy for the relative size of 
charge a film capacitor holds is to think of a sink 
shown in Figure L8-12 up to the size of a large bath- 
tub in Figure L8-13. 


Figure L8-le 


Figure L8-13 
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Electrolytic capacitors 
are small and can-shaped. 
Find the electrolytic 
capacitors in your inven- 
tory. They should look 
similar to the electrolytic 
capacitors pictured in Fig- 
ure L8-14. There might be 
various colors. 


These hold the larger 
amounts of | microfarad 
and above. Their capaci- 
tance abilities can be 
thought of in larger 
dimensions from swim- 
ming pools (Figure L8-15) 
to lakes (Figure L8-16). 


Figure L8-15 


Figure L8-16 


Figure L8-14 
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Push Buttons 


There are two main types of push buttons, but they 
can both look identical to the picture in Figure L8-17. 


Figure L8-17 


Push Button Normally Open (PBNO) 


Push the button; a piece of metal connects with two 
metal tabs inside as you can see in Figure L8-18. It 
creates a temporary path and the charge can flow. Set 
your DMM to continuity and put a probe to each 
contact for the push button. Continuity should show 
only when you are pushing the plunger down. 


it 


Figure L8-18 
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Push Button Normally Closed 
(PBNC) 


Push the button; a piece of metal disconnects from 
the two metal tabs inside as depicted in Figure L8-19. 
It creates a temporary break and the charge cannot 
flow. Set your DMM to continuity and put a probe to 
each contact for the push button. Continuity will 
show all the time, except when you are pushing the 


Build This Circuit 


button down. 


Figure L8-19 


Build the circuit shown in Figure L8-20 (see also 
Table L8-1). Note the similarity between the 
schematic in Figure L8-20 and the photograph in Fig- 
ure L8-21. 


Table L8-1 Parts list for circuit in Figure L8-20 


Parts List 
PBI Normally open 
Solder connecting wire to the legs 
Cl 1,000 pF electrolytic 
LED 5 mm round 
Rl 470 0 
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Figure L8-20 Figure L8-21 


How It Works 


Carefully note the sequence of actions in Figure a SDS EB Eh Opens culling albino velgae: 


L8-22. 4. The capacitor drains through the LED. 
1. The normally open push button closes. a. As the,capacitor drains, the voltage 
decreases. 
2. Voltage fills the capacitor and powers 
the LED. b. As the voltage decreases, the LED dims. 


y+ 9y+ T Syt 


— end = 


Figure Le-22 


2. Describe what happens in your circuit as you 
push the button, then let go. 


Exercise: Capacitors and Push Buttons 


1. Look closely at the electrolytic capacitors. Be 
sure to note the stripe and the short leg that 
marks the polarity. 


3. a. Disconnect the wire indicated in Figure 
L8-23 between the capacitor and R1. 
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Figure L8-23 


b. Push the button to charge the capacitor. 
Now wait for a minute or so. 


c. Set your DMM to the proper voltage 
range. Put the red probe to the positive 
side of the cap, and the black probe to 
ground. Record the voltage that first 
appears . The capacitor will slowly leak its 
charge through the DMM. 


d. Reconnect the wire and describe what 


happens. 


4. a. Use the Table L8-2 to record your informa- 
tion as you play with your circuit. As you 
replace each capacitor and record the time, 
the LED stays on. Don’t expect the time to 
be very exact. 


Table L8-2 Information record 
Cap Value TIME 


1,000 pF 
470 pF 


= m eee 
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b. Describe the pattern that you see here. 


5. Briefly describe what capacitors do. 


6. Place the 1,000-microfarad capacitor back into 
its original position. Now replace the normally 
open push button (PBNO) with the normally 
closed push button (PBNC). Describe the 
action of this circuit. 


Lesson 9: Introducing 
Transistors 
Remember: Learning electronics ts not hard. It is lots 


of new information, but it is not hard. Think about it, 
but not as hard as the guy in Figure L9-1. 


Figure L9- 


Considering that it has only been a bit more than 
100 years since the first transatlantic radio message, 
electronics is a very young technology. The invention 
of the transistor in 1947 was the first step towards 
micro sizing of all electronics we use today. The NPN 
is truly electronic. It acts like a normally open push 
button, but has no moving parts. The transistor is the 
basic electronic switch. It does have an interesting 
history that makes for good outside reading. Our 
entire electronic age is dependent on this device. 
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‘Transistors are commonly packaged in the TO-92 
case shown in Figure L9-2. Notice how the legs corre- 
spond to the schematic symbol in Figure L9-3. 


è Emitter 
è Base 


è Collector 


Figure 19-2 


Figure L9-3 


Note the arrow inside the schematic symbol. It 
indicates two things: First, it points in the direction of 
the current, towards ground. Second, it is always on 
the side of the emitter. It is important to identify the 
legs of the transistor. For this package, it is easy to 
remember. Hold the transistor in your fingers with 
the flat face toward you. Think of a high mountain in 
the rugged back country of British Columbia—a cliff 
face reaching skyward. Now, reading left to right, 
whisper Enjoy British Columbia. You have just iden- 
tified the three legs. Cute, but it helps. 

There are thousands of different types of transis- 
tors. The only way to them is to read the numbers 
printed on the face of the package itself. But even 
with thousands, there are only two basic types 
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of transistors, the NPN transistor and the PNP 
transistor. 


The NPN Transistor 


This lesson introduces the NPN transistor, using the 
3904 NPN. Lesson 10 introduces the 3906 PNP. They 
are opposites but evenly matched in their properties. 


Figure 19-4 


The NPN transistor is turned on when a positive 
voltage is applied to the base. The NPN transistor 
acts very much like a water faucet pictured in Figure 
L9-4. A little pressure on the handle opens the valve, 
releasing the water under pressure. 


V+ Collector 


NPN 3904 


Emitter 


Figure L9-5 
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As you can see in Figure L9-5, a little pressure 
(voltage) on the base of the NPN transistor leads to a 
very large increase in the flow of current through the 
NPN transistor from the collector to the emitter. 


Figure L9-6 


Another way of thinking about it—the force 
needed to open the gates on the Grand Coulee Dam, 
pictured in Figure L9-6, is small compared to the 
amount of force that moves through that gate. 


Build the NPN Transistor 
Demonstration Circuit 


You have used the capacitor to store small amounts 
of electricity. It powered the LED directly, but could 
only do that for a brief moment. Here, we use the 
capacitor to power the transistor. Again, you need lo 
note the similarity between the schematic in Figure 
L9-7 and the way the circuit is pictured on the solder- 
less breadboard in Figure L.9-8 (see also Table L9-1), 


Table L9-1 Parts list for Figure L9-8 


Parts List 

D1 Safety diode 
PB PBNO 

Cl 10 pF 

RI 22 kQ 

R2 470 0 

Ql NPN 3904 
LED 5 mm round 
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Figure L9-7 


Figure L9-8 


What to Expect 


The LED stays off as you attach your battery, Push 
and release the push button. The LED will turn on 
immediately. It will dim and turn off. This action is 
faster with smaller capacitors. 


How This Circuit Works 


You are using the charge held in the capacitor to 
power the transistor. The transistor provides a path 
for the current to the LED. 

Because the base of the transistor uses much less 
power than the LED, the voltage drains from the 
capacitor very slowly. The higher value resistor of 
22,000 ohms slows the drain from the capacitor 
significantly. 


The LED staaaaaays on muuuuuuch looocoonger. 
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Exercise. Introducing Transistors 


1. Briefly describe the purpose of the transistor. 


2. What do you think? Anything that looks like 
a transistor is a transistor. 


3. Describe how to tell which leg of the transis- 
tor is the emitter. 


4. Which leg of the transistor is the base? 


5. What two separate things does the arrow 
inside the transistor symbol indicate. 


a. 


6. What is the only way to tell the type of transis- 
tor? 


7. Regarding the water faucet analogy, is the 
water pressure provided by the water system or 
the handle? The pressure is provided by the 


= =e ee ee eee eee 


Press and release the push button. 


8. After you release the push button, what part 
provides the power to the base of the transis- 
tor? 


9. Describe the path of the current that provides 
the power to the LED. Here is something to 
consider regarding the answer. The capacitor 
is not powering the LED. It is only powering 
the transistor. 


10. Record three time trials of how long the LED 
stays on with the 10-microfarad capacitor. 
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Time | 


Time | 
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Time l 


Time 2 Time 3 
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Replace C1 with the 100-microfarad capaci- 
tor. Time the LED here for three times as 
well, and find the average. 


Time 2 Time 3 


S S S S 
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Average 


Roughly stated, how much more time did the 
100-microfarad capacitor keep the LED on 
than the 10-microfarad capacitor? 


a. Three times longer 
b. Five times longer 
c. Eight times longer 
d. Ten times longer 


Write down your prediction of how much 
time the 1,000-microfarad capacitor would 
keep the LED working. 

OK, now put in your 1,000-microfarad capaci- 
tor. Try it out, three times and average the 
time. ` i 


Time 2 Time 3 Average 


S S S S 


How accurate was your prediction? 


Describe in detail how this circuit works. Con- 
sulting Figure L8-22 of the capacitor powering 
the LED once the push button is released, the 
voltage pressure to the base is provided by the 
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Lesson 10: The PNP 
Transistor 


This page introduces the PNP transistor, using the 
3906 PNP. The previous page introduced the 3904 
NPN. They are opposites, but evenly matched in their 
properties. 

The identity of the legs on the TO92 package stay 
the same as shown in Figure L10-1. But look closely 
at the symbol for the PNP in Figure L10-02. 


Figure LIO-1 
E 
(Foor 
BY 
C 
Figure L10-2 


Note that the schematic symbol of the transistor 
holds some very important information. The arrow 
inside the schematic symbol still points in the direc- 
tion of the common current, but is on the top side 
now. Because it is always on the side of the emitter, 
that means that the PNP emitters and collectors have 
reversed positions relative to the NPN. The legs on 
the package are still the same, though. The emitter 
and collector have traded positions relative to the 
current flow. 
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Not only are the emitter and collector positions 
reversed, but the action is reversed as well. The PNP 
transistor’s action is opposite of the NPN. As you 
increase the voltage to the base, the flow decreases; 
and as the voltage to the base decreases, the PNP 
transistor is turned on more. The valve starts in an 
open position. 

The PNP transistor still acts very much like the 
water faucet shown in Figures L10-3 and L10-4. But 
now, a little pressure on the handle closes the valve, 
stopping the water. No pressure on the handle allows 
the water to push through the faucet. No pressure 
(voltage) on the base of the PNP transistor allows the 
voltage and current to push through the transistor, 


= -——— 
Figure LIO-3 
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Figure LIO-4 
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But just like turning the water faucet’s handle will Table L10-1 Parts list for Figure LIO-6 
decrease the water flow, voltage to the base of the 


transistor will decrease the flow of current through Parts List 
the transistor. Enough pressure on the handle of the Ol PNP 3906 
water faucet will shut it off. Enough voltage at the 
: : n kQ 

base will turn the PNP transistor off completely as Ri we 
well. R2 22 kO 

Surprisingly, the base has the same action for both R3 4700 
the NPN and PNP transistors. It just has a different ci 10 uF 
starting position as shown in Figure L10-5. 

PB N.O. 


LED 5 mm round 


V+ Emitter V+ Emitter — 
PNP ON PNP OFF 
No V+ at V+ pushing 
the Base at the base 


PNP 3906 j PNP 3906 
Collector Collector 


Figure LIO-5 


Breadboard the PNP 
Transistor Demonstration 
Circuit Figure LIO-6 


The capacitor is powering the transistor. But remem- 
ber for this PNP transistor, when the capacitor is 
charged, it is going to put pressure on the base of the 
transistor that will stop the flow. 


Note the similarity between this schematic in Fig- 
ure L10-6 and what the schematic was for the NPN 
transistor. Also, notice that the transistor in Figure 
L10-7 is physically reversed compared to the NPN 
transistor in the previous lesson. 


Figure L10-7 


34 Electronic Circuits for the Evil Genius 


What to Expect 


The LED turns on as soon as you attach your battery. 
Push and release the push button. 


The LED will turn off immediately. It will slowly 
turn back on. 


How It Works 


I. When you first attach your battery, the LED 
turns ON immediately because there is no 
voltage pressure pushing at the base, so the 
valve is in the opened position, allowing the 
current to flow from emitter to collector. 


N 


When you push the plunger down, the voltage 
immediately pushes against the base of the 
3906 PNP transistor (Q1), closes the valve, 
and blocks the current flow. Voltage also fills 
the capacitor C1, 


After you release the push button, C1 holds 
the voltage pressure, and keeps voltage on the 
base, keeping the valve closed and current cut 
off. 

3. As the voltage drains from C1 through R1, the 
voltage pressure against the base is released. 
The transistor starts passing current and volt- 
age again slowly. The LED turns back on. 


4. Why the extra resistor (R1): (a) before the 
push button is closed, both C1 and the base of 
the 3906 PNP transistor have NO voltage. 
Because there is no voltage pressure on the 
Q1’s base, the valve is open and current flows 
from emitter to collector; (b) when the volt- 
age in the capacitor is high, Q1’s valve stays 
shut; (c) the path for current to escape from 
C1 through the transistor is blocked because 
the valve is closed; (d) so, R1 is necessary to 
drain the charge from the capacitor. This 
allows Q1’s valve to open again. 


The capacitor is unable to drain and the transistor 
stays off because the voltage from the capacitor 
keeps the pressure on the base of the transistor, 
keeping the valve closed. The capacitor cannot drain 
through the base of the PNP transistor like it did in 
the previous 3904 NPN circuit. The extra resistor 
allows the cap to slowly drain, decreasing the voltage 
pressure on the base of the PNP transistor, allowing 
the valve to reopen and let current flow again. 


Exercise: The PNP Transistor 


In the schematic, Q stands for what compo- 
nent? Q represents the 


The arrow in the transistor symbol represents 
what action? 


a. Direction of current flow 
b. Direction of the collector 
c. Direction of the base 

d. Direction of the emitter 


The arrow is always on the side of which leg in 
the schematic? 


a. Voltage 
b. Emitter 
c. Base 

d. Collector 


a. What would happen if R3 were not in the 
circuit, and the LED was connected 
directly to the collector of the 3906 
transistor? 


i. LED would burn ie 
il. LED would be bright. 
iii. LED would not work. 
iv. LED would flash. 


b. Explain your answer in 4a. 


a. Replace C1 with the 100-microfarad capaci- 
tor. Describe what happens. 


b. Why does changing the capacitor affect the 
circuit this way? 


Change C1 back to 10 microfarad. Now change 
R1 to 10 megohm (brown-black-blue). 
Describe what happens. 
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Think of the capacitor as a sink, holding 
water. Think of the resistor as the drainpipe. 
Which following statement best explains how 
changing to a higher resistance has the same 
effect as changing to a larger capacitor? 


a. 


The drain is bigger and empties the water 
faster. 


. The drain is smaller and empties the water 


slower. 


The volume of water is bigger and takes 
longer to drain. 


. The volume of water is smaller and drains 


faster. 


. Play a little. Replace R3 and the LED with 


the buzzer. Make sure the buzzer’s red 
wire is getting voltage from the 3906’s col- 
lector, and the black wire is connected to 
ground. 


. Push the PB and release. What happens to 


the sound as the capacitor discharges. 


Carefully describe in your own words how this 
circuit works. 


Lesson I: Your First 
Project: The Automatic 
Night Light 


Build this circuit shown in Figure Lit-1 on your 


breadboard. The photograph of the circuit appears in 
Figure L11-2 (see also Table L11-1). 
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Table L11-1 Parts list for Figure LIl-2 


Parts List 

D1 1N400X Diode 
Pi 100k 2 Pot 

R1 22 kD 

R2 470.0 


LDR 1 MQ dark 


Q1 NPN 3904 


LEDs 5mm round 


= s p m m m e m = o om a Se oa o o ee 


Figure LIl-1 


Figure L1l-2 
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What to Expect 


1. Attach your power supply. 


2. Turn the knob on the pot one direction until 
the LEDs are barely off. 


3. Now darken the room or stand in a closet. The 
LEDs will turn on. 


4. Move to asemi-lit area. The LEDs will dim as 
you move into the light. Adjust the pot so the 
LEDs are again barely off. Any reduction of 


Figure LII-3 


1. The potentiometer adjusts the amount of volt- 
age shared by the 22-kilo-ohm resistor and the 
LDR. 


2. In light, the LDR has low resistance, allowing 
all of the voltage to flow through to ground. 
Because the base of QI gets no voltage, the 
valve from C to E stays closed. 


3. The resistance in the LDR increases as it gets 
darker, providing more voltage to the base of 
the transistor, pushing the valve open. 


4. As the voltage flows through the transistor, 
the LEDs turn on. 


If P1 is set to a low resistance, more voltage gets 
through. The more voltage that gets through the 
potentiometer, the easier QI turns on because the 
LDR cannot dump all of the voltage. 
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the amount of light will now turn the LEDs 
on. This is your automatic night light. 


How It Works 


Figure L1 1-3 shows the movement of current and 
voltage in the circuit as the light changes. Remember 
the NPN transistor needs positive voltage to its base 


to turn on. 


Exercise: 
Your First Project—The 
Automatic Night Light 


1. Set the pot so the resistance between legs “A” 
and “C” center is close to 50-kilo-ohm resist- 
ance. Figure L11-3 shows how the voltage and 
current move in the different conditions for 
this setup. 


MN 


Now set your circuit under a fairly good light. 
Now measure and record the voltage at the 
test point shown in Figure L11-4. V 
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Figure L11-4 


3. Now cover the LDR with a heavy dark pen 
cap. Measure and record the voltage at the test 
point again. V 


Did the LED output change at all? 


So here’s a major question?? Do you recall 
how much voltage is used from V+ to 
ground? 


e Does it depend on the amount of voltage 
available? NO! 


e Does it depend on the number or type of 
parts in the circuit? NO! 


By definition, voltage used between V+ and 
ground doesn’t relate to any circuit variables. 


voltage between 
POT & LDR that 


Se om oes to Base of Q1 
ZS LDE. is 


Figure LI-5S 
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gnd = 


The question is like asking, “How much dis- 
tance is there between this altitude and sea 
level?” 


The answer is—whatever the altitude is—or 
better said, all the distance! 

Ground by definition is 0 volts. 

e How much voltage is used between V+ and 


ground?? 


e The answer will always be AV the voltage is 
always used between V+ and ground. 


OK. Figure L11-5 will help explain how all the 
voltage in this circuit is used. 


50 O00. 


pot 
ET between 


L| poT & LDR that 
goes to Base of Q1 
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Remember the idea of the waterfall when we 
first looked at resistors. As the size of the load 
increased, the amount of voltage used 


no voltage used by Pot tn either 
—— 


P1=007 


——— 
Full Voltage At Both TPs 


increased proportionately. The same thing 
happens with two resistor loads in this circuit. 
More detail is given in Figure L11-6. 


P1=02 


W 


gnd 


Figure L11-6 


The pot uses some voltage because it is set to 
50,000 ohm here. 


The LDR uses a small amount of the voltage 8. 


in the light because it has a small resistance. 
When it is in the dark, the LDR has a great 
deal of resistance. The base of the transistor 
reacts to the voltage available at that point 
where the LDR and pot connect. It becomes 
obvious which situation provides more volt- 
age to the transistor’s base. 


5. Set the pot so the resistance between legs “A” 
and “C” center now has 0 ohm. Figure L11-6 


shows how the voltage available to the transis- 9. 


tor base is identical in both the light and the 
dark. The potentiometer uses none of the volt- 


age, so the base of the transistor is exposed to 10 


nearly full voltage in both circumstances. 


6. Now set your circuit under a fairly good light. 
Measure and record the voltage at the test 
point shown in Figure L11-6. V 


7. Now cover the LDR with a heavy dark pen 
cap. Measure and record the voltage at the 
test point again. V 
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Did the LED output change at all? Did you 
expect the output to change? 


Set the pot so the resistance between legs “A” 
and “C” center now has 100 kilo-ohm. Figure 
L11-7 shows how the voltage is responding to 
the changing resistance of the LDR, changing 
the voltage available to the base of the tran- 
sistor. The pot here is adjusted to twice as 
much resistance as before, so it will use twice 
as much of the voltage available. The LDR 
must be set into nearly complete darkness or 
you will get muddy results. 


Now set your circuit under a fairly good light. 
Measure and record the voltage at the test 
point. V 


Now cover the LDR with a heavy dark pen 
cap. Measure and record the voltage at the 
test point again. V 


Did the LED output change at all? 
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Figure Lit-7 
ee A : Figure L11-9 shows the view of the PCB looking 
Bui Iding the Automatic N ight directly at the bottom. The copper traces replace the 
Light Project wires used in the solderless breadboard. 
The series of frames in Figure L11-10 show how 
This ts a top view of your printed circuit board (PCB). the PCB layout was developed. Creating such a lay- 
The traces on the underside are shown as gray in out is a relatively simple task. 


Figure L11-8. 
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Figure L11-10 


40 Electronic Circuits for the Evil Genius 


Mounting Your Parts 


Be certain to get your parts into the correct holes as 
displayed in Figure L11-11. Your soldering technique 
is vital. Check out the soldering animation on the 
Web site at www.books.mcgraw-hill.com/authors/ 
cutcher. Each solder connection should look like a 
Hershey’s Kiss. Just as one bad apple spoils the 
bunch, one bad solder can spoil your project (and 
your fun). The parts are mounted onto the board so 
that their legs stick out through the bottom. The cop- 
per traces are on the bottom. The soldering is on the 
bottom. This is a good job. 


Figure L1l-11 


I got such a laugh when the circuit in Figure 
L11-12 was presented to me for troubleshooting. This 
person did not follow directions. They managed to 
mount the parts on the wrong side of the printed cir- 
cuit board. They made a mess. It didn’t work. There is 
never enough time to do it right, but there is always 
time to do it over. 


Figure LIl-12 
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Finishing Up 


I would recommend using a touch of hot glue on 
each corner of the PCB and then pressing the circuit 
onto a thick piece of cardboard. You can mount it on 
anything that is an insulating material. Anything 
metallic would short-circuit your project, and proba- 


bly destroy the transistor. 


Lesson l2: Specialized 
Transistors—The SCR 


There are many highly specialized types of transis- 
tors. Here we use a latching switch called a silicon- 
controlled rectifier (SCR). This component is also 
referred to as a Triac. The SCR acts like a “trap 
door.” Once triggered, it stays latched open. You are 
familiar with this because it is the basic component in 
fire alarms and burglar alarms. Once triggered, it 
stays on. This is your second project, a professional 
quality alarm circuit. f 

Electronics is all about using an electrical pulse to 
control things or pass information. A commonly used 
solid-state switch (no moving parts) is the SCR. It is 
provided in a variety of packages, the most common 
ones pictured next to their symbol in Figure L12-1. 


F A 
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AG 


Figure Lle-1 
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Remember, not everything in this type of package is 
an SCR. 
“A” leg is anode, the positive side. 


“G” leg is gate; not to be confused with 
ground, “gnd.” 


“K” leg is cathode, referring to the grounded 
side. “C” is already used for capacitor, e.g., 
C1, C2. 


The SCR is often used in alarm systems; once it is l 
triggered, it stays on. Its action is best depicted in the 
series of frames shown here in Figure L12-2. 


Figure Ll2-2 


When V+ hits the G (gate) leg of the SCR, a latch 
releases, opening a “trap door” between A (anode) 
and K (cathode). This trap door remains open until 
the power is removed. In other words, it latches itself 
open. That is why an SCR is called a latching circuit. 
The only way to turn the SCR off is to shut off the 
power. Turn the power on again and the SCR is reset. 


Figure LI2-3 


Breadboard the SCR Circuit 


There are four stages that you need to take to build 
this professional style alarm circuit. Each one will be 


considered individually. 


Stage 1: The Basic System 

Build the basic SCR circuit by carefully following the 
schematic presented in Figure L12-3. The parts layout 
is shown in the photograph in Figure L12-4 (see also 


Figure L12-4 
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Table L12-1). Don’t get too comfortable using the 
photograph. You will have to depend on schematics 


from now on to help you develop your alarm circuit. 


Table L12-1 Parts list for Figure L12-4 


Parts List 
Di 


1N400X 

100 KQ 
470.9 

Triac C106B 
9V 


5 mm round 


What to Expect 


When you attach the battery, it should be quiet. 


Touch the sensor probe to the end of R1. The buzzer 


should turn on. 


You need to disconnect the battery to reset the 


SCR. 


How It Works 


1. When you attach the battery, the LED is off 
and the buzzer is quiet. Voltage is not avail- 


Figure L12-5 


Section Three 


able to the LED and buzzer because the SCR 
has not been activated. The circuit path 
between A and K is not available until voltage 
is put to the gate. 


2. When you touch the end of the probe to the 
bottom of the 100-kilo-ohm resistor, voltage is 
fed to the gate (G) leg. 

3. The voltage activates the latch and opens the 
circuit path from A (V+) to K (gnd). Current 
moves on this path from A to K, through the 


SCR, providing voltage and power to the 
LED and the buzzer. 


4. The buzzer and LED should turn on and stay 
on until you disconnect the power. When you 
reconnect the power, the LED should not 
light, and the buzzer should be quiet. 


Stage 2: Make Life Easier 


It is a hassle to disconnect the battery each time, just 
to reset the SCR. Wouldn’t it be so much easier just 
to use a push button to reset the circuit? So go ahead 
and use the normally closed push button to do just 
that. 

It does not matter where the voltage to the SCR is 
cut off. As you can see in Figure L12-5, any of the fol- 
lowing suggestions work. Each one disconnects the 
voltage to the circuit and resets the SCR. 


probe 
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Stage 3: Avoid Static Buildup 


Modify the SCR circuit with a few changes shown in 
Figure L12-6. 


Figure Ll2-6 


1. Shift the SCR below the LED and buzzer. In 
most circuits, you can be flexible. It really 
doesn’t matter which component comes first. 


2. Add the 0.1-microfarad capacitor. 


3. Add the PBNO for a trigger. 


How It Works 


I. When the PB is pushed, the capacitor fills 
“nearly” instantly because the 100,000-ohm 
resistor slows down the current. The capacitor 
acts like a cushion and dampens any small but 
annoying jumps in the voltage to the gate that 
might be caused by static electricity. It avoids 
false alarms by preventing any accidental trig- 
gering of the SCR. 


2. The gate (G) of the SCR senses the signal 
when the capacitor is filled. 


Stage 4: A Complete System 


Now modify your circuit to make a simple but profes- 
sional quality alarm system by adding three more 
parts to your working breadboard as shown in 

Figure L12-7. 
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Figure Lle-7 

Table L12-2 

Additional Parts 

D2 *  1IN400X 
R1 47 kQ 


PBNC Normally closed push button 


What to Expect 
Attach your power supply. The LED should be off 


and the buzzer quiet. 

Push the plunger on the PBNC. The buzzer will 
start, and the LED light will turn on. 

To reset, disconnect the power——count 10 seconds 
—and then reconnect. 

Now push the plunger on PBNO. The buzzer and 
LED will turn on. 


How It Works 


As Long as PB! stays closed, the voltage takes the 
“path of least resistance” and goes directly to ground, 
No voltage reaches G, the gate of the SCR. 

When PBL is pushed, the connection to ground is 
broken, and the voltage has to move through D2, 
activating G, turning the SCR on. 
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As long as PB2 stays open, the voltage cannot 
move across the gap. Air is a great insulator. No volt- 
age reaches G. When PB2 is pushed, the voltage trav- 
els through to the gate leg, turning the SCR on. 


Exercise: Specialized 
Transistors — the SCR 


1. Ifacomponent looks like your SCR, it is an 
SCR. True/false. Support your answer. 


2. How can you tell if it is an SCR without put- 
ting onto your breadboard? 


3. Many alarm systems use an SCR. For exam- 
ple, a fire alarm, once triggered, keeps going. 
Describe what needs to be done to reset the 
SCR in the alarm. 


4. Use the schematic to follow the current’s path 
when the PBNC is in its normal position. 


5. How does the path change when you push the 
plunger on the PBNC? 


6. Follow the current’s path when the PBNO is 
in its normal position. 


7. How does the path change when you push the 
plunger on the PBNO? 


o 


Have you ever seen metal foil tape on the 
edge of store windows? There is a small cur- 
rent running through this tape. If the window 
breaks, the foil is torn. What component does 
the foil tape replace in your burglar alarm 
system? 


9. Can you describe how a normally open type 
of switch would be used in a burglar alarm? 


Assembling the Alarm 


Figure L12-8 represents the SCR’s printed circuit 
board when viewed from the bottom. Figure L12-9 
shows lines that appear faded. This is the view of the 
PCB when you look at the traces through the fiber- 
glass backing. 
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Figure Ll2-8 


Figure L12-9 


Consider this. If you mount your simple push but- 
tons onto the PCB directly, you have a very cute 
demonstration circuit. If you mount the push buttons 
ona long wire, you still need to wait for someone to 
push one of the buttons. That still isn’t much of an 
alarm. What you really need to do is create your own 
contact switches. When you do this, you can apply this 
as a real alarm system. The best setup for your power 
supply is to have both a wall adapter and a 9-volt 
battery. This way the circuit still works even if your 
house has no power. 
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Section Four 


Digital Logic 


lesson 13: A Spoiled 
Billionaire 


As we begin the “digital” electronics unit, this lesson 
page shows us a system that we can use to be certain 
all of the information is transferred all the time, per- 
fectly. You must be able to count to 255 and know the 
difference between “on” and “off.” 


With apologies to Bill Gates but inspired by his 
explanation in his book, The Road Ahead. 


There is an eccentric billionaire who lives near 

Seattle. He is particular about his lighting in different 

-rooms of his homes, especially his den. He likes it set 
at exactly 187 watts. And when you’re rich, you get 
what you like. But here’s the real problem. His wife 
also uses the den and she “likes” 160 watts. They 
asked their groundskeeper to come up with a solu- 
tion they could use in all their homes around the 
world. He first installed a dimmer switch and put a 
mark next to the spot that represented their prefer- 
ences, which is pictured in Figure L.13-1. 


HERS HIS 


Figure L13-1 


On inspection, the groundskeeper was told that his 
solution was not acceptable. It was not exact enough. 
So he thought further and had an idea. Actually, eight 
ideas. 


His idea is shown in Figure L13-2. A light bar with 
eight separate specific value lights. Each light would 
have a different wattage rating, and each would have 
its own switch. To adjust the lighting for his own 
needs, the billionaire would only have to turn on a set 
of specific switches. Those are displayed specifically 
in Figure L13-3. 
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Figure L13-2 
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Figure Lt3-3 
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Figure L13-4 


And to make the softer lighting situation for Mrs. 
Billionaire, she flips the switches shown in Figure 
L13-4. 


So all the groundskeeper had to do was write a 
note under the set of switches in the den. 


His = 10111011 
Hers = 10100000 
(The Road Ahead, Bill Gates, pg. 25.) 


on off on off off off off off 
19100000 


“By turning these switches on and off, you can 
adjust the lighting level in watt increments from 0 
watts (all switches off) to 255 watts (all switches on). 
This gives you 256 possibilities. 

If you want 1 watt of light, you turn on only the 
rightmost switch, which turns on the 1-watt bulb 
(shown in Figure L13-5). 

If you want 2 watts, you turn on only the 2-watt 
bulb (shown in Figure L13-6). 


Figure LI3-5 


50 Electronic Circuits 


for the Evil Genius 


Figure L13-6 


If you want 3 watts of light, you turn on both the If you want 5 watts, you turn on just the 4-watt and 
l-watt and 2-watt bulbs, because 1 plus 2 equals the 1-watt bulbs (shown in Figure L13-8). 
desired 3 watts (shown in Figure L13-7). If you want 250 watts of light, you turn on all but 
If you want 4 watts of light, you turn on the 4-watt the 4-watt and l-watt bulbs (shown in Figure L13-9), 
bulb. 
P 


Figure L13-7 


Figure L13-8 


Figure L13-9 

If you have decided the ideal illumination level for who have the same light switch setup. Because the 
dining is 137 watts, you turn on the 128-.8-. and way we record binary information is universal—low 
l-watt bulbs, like this (shown in Figure L13-10). number to the right, high number to the left, always 


doubling—you don’t have to write the values of the 


This system makes it easv to record an exact light- 
bulbs. You simply record the pattern of switches: On, 


ing level for later use or to communicate it to others 
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Figure L13-10 


off, off, off, on, off, off, on. With that information a 
friend can faithfully reproduce the 137 watts of light 
in your room. In fact, as long as everyone involved 
double-checks the accuracy of what he does, the mes- 
sage can be passed through a million hands; and at 
the end, every person will have the same information 
and be able to achieve exactly 137 watts of light. 


To shorten the notation further, you can record 
each “off” as 0 and each “on” as 1. This means that 
instead of writing down “on, off, off, off, on, off, off, 
on,” meaning turn on the first, the fourth, and the 
eighth of eight bulbs and leave the others off, you 
write the same information as 1,0,0,0,1,0,0,1, or 
10001001, a binary number. In this case, it’s 137. You 
call your friend and say: “I’ve got the perfect lighting 
level! It’s 10001001. Try it.” Your friend gets it exactly 
right, by flipping a switch on for each 1 and off for 
each 0, 

This may seem like a complicated way to describe 
the brightness of a light source, but it is an example of 
the theory behind binary expression, the basis of all 
modern computers. 

The simplest computers use an 8-bit system like 
the 8 light switches. Each bit is a bit of information. 
The binary word of 8 bits makes 1 byte, as shown in 
the explanations above. 


From the earliest days of computing, the alphabet 
and numerals have been assigned specific values. 


Table L13-1 The binary alphabet: The ASCII table 
Space = 20 = 00010100 
A = 65 = 01000001 a = 97 = 01100001 
B = 66 = 01000010 b = 98 = 01100010 
> = 67 = 01000011 c = 99 = 0110001) 


D = 68 = 01000100 d = 100 = 01100100 


E = 69 = 01000101 e = 101 = 01100101 


F = 70 = 01000110 f = 102 = 01100110 
G = 7] = 01000111 g = 103 = 01100111 
H = 72 = 01001000 h = 104 = 01101000 
= 73 = 01001001 i = 105 = 0110100) 
= 74 = 01001100 j = 106 = 01101010 
K = 75 = 01001101 k = 107 = 01101011 
L = 76 = 01001110 | = 108 = 01101100 
M = 77 = 01001101 m = 109 = 01101101 


N = 78 = 01001110 n = 110 = 01101110 


O = 79 = 01001111] 0 = 111 = O1101111 
P = 80 = 01010000 p = 112 = 01110000 
Q = 81 = 01010001 q = 113 =01110001 
R = 82 = 01010010 r = 114 = 01110010 
S = 83 = 01010011 s = 115 = 01110011 
T = 84 = 01010100 1 = 116 = 01110100 
U = 85 = 01010101 u = 117 = 01110101 
V = 86 = 01010110 v = 118 = 01110110 
W = 87 = 01010111 w = 119 = 01110111 


X = 88 = 01011000 x = 120 = 01111000 


Y = 89 = OLOLLOOL y = 12] = 01111001 


Z = 90 = 01011100 z = 122 = 01111010 


The real question for the rest of us becomes— 
Why use binary? It seems so confusing! 


The answer is actually very simple. We are dealing 
with machines. The easiest thing for a machine to 
sense is whether something is on or off. 

So we are forced to use a system that can count in 
ons and offs. 

But still you ask, why bother? 


Well. look at it (Table L13-2). 
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Table L13-2 Compare analog to digital 


Analog Digital 
Advantages 
1. Varying voltages. 1. Precise transfer of information. 
2. Easy to record. 2. No generational loss. 
3. Easy to play back. 3. Footprint of a bit can be done al the molecular level. 
4. Common transfer rate in billion bits per second. 
5. Any material can be used for storing data: 0s and Ls. 
Disadvantages 
1. Not precise. 1. Needs special equipment to transfer, record, and read 
information. 


2. Signal loss with each generation recorded. 
Have you ever watched a copy of a copy 
of a video tape? Ugh! 


3. Takes up large “recording” space. Compare the size 
of a video tape to a DVD or a Memory Stick. 


4. Limited transfer time—how long does it take to 
record a video, compared to transfer of a CD or MP3 file? 


5. Specific media used for storage doesn’t translate 
from one media to another. For example, video to film. 


6. Signal fades as media ages. 


~ z 


a 


1. For yourself, what is the most important 


Exercise: A Spoiled Billionaire erie Le ; 
Vo gates coe advantage of using digital information. 
I am writing in binary code! 


Use this chart to help translate from binary to 


010010010001010001100001011011010001010001 decimal, and back. 
110111011100100110100101100111011010000111 
010001101001011011100110111000101000110100 
101101110000101000110001001101001011011100 
110000101110010011110010001010001100011011 


01111011001000110010 

Bit number Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 

Value 128 64 32 16 8 4 2 1 

2. Translate the following 8-bit binary codes to 3. Translate the following decimal numbers to 

the decimal equivalent. the binary codes. 

Binary Decimal Binary Decimal 

10101100 241 

01100110 27 

10010011 191 

00110001 192 


= ee o E e o o o o e o o o a o e a‘ o a o a = m m e e a o o o o oe u a ‘a ‘a 
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4, Consider this. If 8 bits count up to 255 deci- e Terms like V+ and ground are used together 
mal, what is the maximum that a 9-bit binary just like the term high is used with low, 1 
word can count? with Q. 


e Digital gives an output of high or lew, but we 
often have to use a real world analog input. 


Le sson 14: The Basic All gates have at least 1 input, but all gates have 
Digital Lagic Gates Gee 


Inputs are the analog “sensors.” They compare the 
voltage they feel to the voltage of the chip. They 
sense if the input is to be seen as high or low. 


This course deals with a vast amount of new informa- 
tion. It is not hard. Just new. 


You learn about the five main types of logic gates Output is the result of the logic function, whether 
in this lesson. Each gate is built with individual tran- the gate provides a full V+ or ground at the output. 


sistors that act like normally open or normally closed 1. This real world input of analog is usually 


push buttons. All these switches do is redirect the never given to us as a convenient high or low. 


output to voltage (V) or ground. f 
s 2. So Digital gates have been designed to com- 
The AND gate and NOT AND gate are perfectly pare the input against their own power source 
opposite in their outputs. of V+. 
The OR gate and NOT OR gate are also perfectly 


aa ; 3. Anything above 1/2 of V+ is seen as a high 
opposite in their output. 


input. 
4. Anything below 1/2 of V+ is seen as a low 


Table L14-1 In digital electronics, the voltage input. 
state is named in three different ways 


Voltage States . Inputs Are the Analog 

a is Sensors 

l 0 

High Low ¢ For example, as shown in Figure L14-1, the 
=a mk me ee ee ee ee eee ee gate is powered by 10 volts. 


e Anything connected to the input that is over 5 


e Each term for voltage has an alternate name 
volts is seen as a high input. 


for ground. 
e Alternatively, any input voltage that is below 


e These terms are generally interchangeable. 
5 volts is seen as low input. 


e The terms are usually paired. 


The chip contains inputs, processors, and outputs. 


Input 2 se Input, ae wage A Anputs, sy 
Yoliage “7 volage“ av a atase ` Voltage 


Figure LIY-1 
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Each of these need power. They are all powered F 
The NOT Logic Gate 


from the same power source. The voltage source is 


shown as the line coming into the symbol marked f 
The input given is NOT the output. You can see this 


with the V+. i 
in Figure L14-2. 
9 V+ 9 V+ 
Input 
Srna 4.5v Voltage” +5 Output 
= = 
Figure LIY-2 


button demonstration circuits. The transistor 
responds to the input, controlling voltage to 
Ithe output. 


This is often referred to as an inverter. It “inverts” 
‘ Unpushed = Lo Unpushed = Lo 
the input. 0 0 
èe You can see that the input is like a push button. 
It controls the voltage flow through the transis- 
tor switch inside the chip. 
> The transistor processor inside is like the push- 


1 


For the purpose of this exercise, refer to Figure 


L14-3. Input 


¢ The pushed button is high. Mi 


¢ The unpushed button is low. 


Breadboard the NOT Gate Figure LIU-3 
Simulation Circuit 


Ovt ovt 
This circuit quickly demonstrates the action of the 
NOT Fi L14-4 Input Input 
gate (see Figure L14-4). Voltage< 4.5v Voltage > 4.5v 

The input is the force of your finger. The binary 
processor is the push button’s position (up = 0, down 47020. 47020. 
= |). The output is the LED. On is high, and Off is low 
(Table 14-1). 

> > 


Figure LIY-Y 
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Table 14-1 NOT gate: Complete the logic table 


for this gate The AND Logic Gate 


As shown in Figure L14-5, both input A AND input 


Input Output 
, B have to be HI to get a HI output. 

High ESS 

7 These inputs are like normally open push buttons. 
OW 


Be e a T ge as re a eae ae as, N They control the voltage flow through the NPN tran- 
sistors inside the chip. The transistor processors inside 
are like the push-button demonstration circuits 
below. The transistors respond to the inputs, control- 


ling voltage to the output. 


V+ The NPN Transistor acts like the 
s Normally Open PB. Yoltage to the 


Base allows voltage and current flow 
Tnput A | G 
Lo G 


rom the Collector to the Emitter. 
Input A 
o p 


Input B 


Figure LIU-5 


e The pushed button is high. 
Breadboard the AND Gate ppusned-pütton isnie 


Simulation Circuit e The unpushed button is low. 


Build the simulation circuit that demonstrates the The NPN transistors act like the normally open 
action of the AND gate as displayed in Figure L14-6. push buttons. Voltage at the base greater than 1/2 
Remember that for the purpose of this exercise, as of V+ allows the voltage to move through (Table 
shown in Figure L14-3: L14-2). 


Table L14-2 AND gate: Complete the logic table 


9y+ 
AND 
| | | Gate Input A Input B Output 
0—0 i ; 

Input Input re HER G 

A B 4 High Low €9 p> 

2 Low High aioe 
> a PERE EA ts a E T 


Figure 114-6 
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voltage flow through the NPN transistors inside the 


The OR Logic Gate 


chip. The transistor processors inside are like the 


As shown here in Figure L14-7, input A OR input B push-button demonstration circuit below. The transis- 
has to be HI to get a HI output. The inputs still act tors respond to the input, controlling the voltage to 
like normally open push buttons. They control the the output. 
Voltage Voltage 
from chip from chip 
hpu A 
Lo 


Figure LIU-7 


The NPN transistors act like the normally open push 
Breadboard the OR Gate buttons. Voltage at the base greater than 1/2 of V+ 


Simulation Circuit allows the voltage to move through (Table L14-3). 


Build the simulation circuit that demonstrates the 


action of the OR gate as displayed in Figure L14-8. 
Table L14-3 OR gate: Complete the logic table 
Remember that for the purpose of this exercise, as 


shown in Figure L14-8: 


Input A Input B Output 
e The pushed button is high. High High = 
e The unpushed button is low. High Low — 
Low High = 
9Vt Input Or Low Low _ 
| AS Gate. HSS SSS SS SS SS eS ee = 

T i 

Input 0 

B Q 

>> 
Figure LIW-8 
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The NAND Logic Gate 


As shown here in Figure L14-9, the NAND gate 
looks a bit more complex. It really isn’t. It is designed 
to give the exact opposite results of an AND gate. 
That is why it is referred to asa NOT AND gate. 


Input. asvisHi  9V+ 


Voltage hA nB Output 


Hi Hi Lo 
Input A | 
+P 
Output 
Input B 
Hi 
= => 
Figure L14-9 


Breadboard the NAND Gate 
Simulation Circuit | 
Build the simulation circuit that demonstrates the 


action of the NAND gate as displayed in Figure 
114-10. 


NAND 


G a 
N Gate 


Input 
A 


Figure L14-10 


The PNP transistors act like normally closed push 
buttons. Voltage at the base greater than 1/2 of V+ 
stops the voltage from moving through (Table 
L 14-4). 


The inputs act like normally closed push buttons. 
They control the voltage flow through the PNP tran- 
sistors inside the chip. The transistor processors inside 
are like the push-button demonstration circuit below. 
The transistors respond to the input, controlling the 
voltage to the output. 


Input 


i 9V+ 
Voltage” is Lo 


InA InB Output 
Hi Lo Hi 


Input A 


Input B 


Lo 


Table L14-4 NAND gate: Complete the 
logic table 


Input A Input B Output 
High High — 
High Low A> 
Low High uke 
Low Low e 


The NOR Logic Gate 


The NOR gate is displayed in Figure L14-11. Just like 
the NAND gate, it looks overly complex. Relax. It, 
too, was designed to give the exact opposite results of 
an OR gate. That is why it is referred to as a NOT 
OR gate. The inputs act like normally closed push 
buttons. They control the voltage flow through the 
PNP transistors inside the chip. The transistor proces- 
sors inside are like the push-button demonstration 
circuit below. The transistors respond to the input, 
controlling the voltage to the output. 
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Input 


Voltage“ 45v is Lo |] Voltage to In A InB Output 
otage chip Lo Lo Hi 
Input A 
Lo 
Input B i 
Lo = 
Figure LIY-II 


Breadboard the NOR Gate 
Simulation Circuit 


Build the simulation circuit that demonstrates the 
action of the NOR gate as displayed in Figure 
L14-12. 


Input 
Voltage 


InA InB Output 
Hi Lo Lo 


> 4.5v is Hi Voltage to 


chip 


Hi 


K 


The PNP transistors act like normally closed push 
buttons. Voltage at the base greater than 1/2 of V+ 
stops the voltage from moving through (Tables L14-5 
and L14-6). 


Table L14-5 NAND gate: Complete the 
logic table 


OVt NOR 
Gate eae 
Input A Input B Output 
High High = 
mpat spi High Low 
Low High 
Low Low eoo 
~> = æ m a a e o o e a o a m m on ee 
Figure LIY-l2 
Table L14-6 Comparing the gates 
NOT AND OR NAND NOR 
In Out InA InB Out InA InB Out InA InB Out InA InB Out 
Put Put Put Put Put 
High Low High High High High High High High High Low High High Low 
Low High High Low Low High Low High High Low High High Low Low 
Low High Low Low High High Low High High Low High Low 
Low Low Low Low Low Low Low Low High Low Low High 
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Exercise: The Basic Digital Logic Gates 


1. What did you use to represent the inputs? 


2. What component is used to represent the 
processor? 


3. What component is used to represent the out- 
put? 

4. Where does the voltage powering the output 
come from? 


5. When the push buttons were unpushed, that 
represented a state of high or low at the 
input? 

6. When the push buttons were pushed, that rep- 


resented a State of high or low at the input? 
Look again at the graphics of the logic gates. 


7. What components are actually used in the IC 
chip as the processors? 


8. The input is actually similar to which part of 
the transistor? 


Lesson 15: Integrated 
Circuits CMOS ICs 


There are thousands of integrated circuits (ICs). The 
4000 series of CMOS ICs are very popular because 
they are inexpensive, and work with as little as 3 volts 
and as much as 18 volts. With mishandling, they are 
easily destroyed with static electricity. So they go 
from packing material to your SBB. Some basic 
vocabulary is developed. Common layout for these 
chips is discussed. Handling instructions are given. 
And mentioned again. Did I already say that these 
things are static sensitive? Don’t rub them in your 
hair. They won’t stick to the ceiling like balloons 
afterward. They just won’t work. 


You need this information because in the next 
chapter, you will: 


e Build a prototype of a digital alarm system 


e Learn to use a variety of events that can start 
the system 


e Learn how to determine the system output 
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e Learn to determine how long the system stays 
on after it is triggered. 


The IC that you will use is the 4011 CMOS. The 
4011 chip is set into a 14-pin dual inline package 
(DIP). Figure L15-1 shows an 18-pin chip in a DIP 
format. 


Figure LIS-1 


Precautions 


The 4000 series CMOS IC has been used in electron- 
ics since the '70s. They are versatile and widely used. 
They are used here because they work on a range 
from 3 to 18 volts. They are inexpensive, too! But 
they are static sensitive. You know. Shuffle across the 
carpet and zap your friend. Even the smallest zap can 
toast a CMOS chip (see Figure L15-2). 


Ignore these precautions at your own risk! 


1. Always store the IC in a carrying tube or in 
“static” foam until it is placed into the circuit. 


2. Remove static from your fingers. Touch some 
type of large metal object to remove any static 
electricity from your fingers before you han- 
dle the CMOS chips. 


Wad 


Figure LI5-2 
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3. Don’t walk across the room with a CMOS 
chip in hand. Walking across linoleum or a rug 
in a dry room will build up a static charge. 


4. Always check that the chip is set in properly. 
A backward chip is a dead chip ($$). 


5. Always tie any unused inputs to ground. I'll 
note where we have done that in this circuit. 


6. Having an unused input pin unconnected is 
not the same as tying it to ground. If an input 
is not connected, the small voltage changes in 
the air around us can affect the input. 


Take a Moment and Look at 
the Partial List of CMOS 
Series 


For a more complete idea of the chips available, visit 
www.abra-electronics.com. 


4000 Dual 3-input NOR gate plus inverter 
4001 Quad 2-input NOR gate 


4002 Dual 4-input NOR gate (same as 
74HC4002) 


4006 18-stage shift register, serial-in/serial-out 
4007 Dual CMOS pair plus inverter 
4008 4-bit, full-adder arithmetic unit 


4009 Hex inverter—OBSOLETE, use 4049 
instead 


4010 Hex buffer—OBSOLETE, use 4050 
instead 


4011 Quad 2-input NAND gate 
4012 Dual 4-input NAND gate 
4013 Dual Type D Flip-Flop 


4014 8-stage shift register, parallel-in/serial- 
out 


4015 Dual 4-stage shift register, serial-in/par- 
allel-out (= 74HC4015) 


4016 Quad bilateral analog switch 


4017 Decade counter. synchronous 1-of-10 
outputs 
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4018 Programmable counter, walking ring 
4019 4-pole, double-throw data selector 


4020 14-stage binary ripple counter (same as 
74HC4020) 


4021 8-stage shift register, parallel-in/ 
serial-out 


4022 Octal counter, synchronous 1-of-8 
outputs 


4023 Triple 3-input NAND gate 


4024 7-stage binary ripple counter (same as 
74HC4024) 


4025 Triple 3-input NOR gate 


4026 Decade counter and 7-segment decoder 
with enable 


4027 Dual JK Flip-Flop with preset and clear 
4028 1-of-10 decoder 


4029 Up-down synchronous counter, decade 
or hexadecimal 


4030 Quake EXCLUSIVE-OR gate— 
OBSOLETE, use 4077 or 4507 


4031 64-stage shift register, serial-in/serial-out 


4032 Triple-adder, positive-logic arithmetic 
unit 


4033 Decade counter and 7-segment decoder 
with blanking 


4034 8-bit bidirectional storage register 


4035 4-stage shift register, parallel-in/parallel- 
out 


4038 Triple-adder, negative-logic arithemtic 
unit 


4040 12-stage binary ripple counter (same as 
74HC4040) 


4041 Quad inverting/noninverting buffer 
4042 Quad latch storage register 

4043 Quad Flip-Flop, R/S NOR logic 
4044 Quad Flip-Flop, R/S NAND logic 
4046 Phase-locked loop, special device 


4047 Astable and monostable multivibrator 
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4049 Hex inverter/translator (same as 
T4HC4049) 


4050 Hex buffer/translator (same as 
74HC4050) 


4051 1-of-8 analog switch (same as 
74HC4051) 


4052 Dual |-of-4 analog switch (same as 
74HC4052) 


4053 Triple 1-of-2 analog switch (same as 
74HC4053) 


4060 14-stage binary ripple counter with oscil- 
lator (= 74HC4060) 


4063 4-bit magnitude comparator arithmetic 
unit 


4066 Quad analog switch, low-impedance 
(same as 74HC4066) 


4067 1-of-16 analog switch 

4068 8-input NAND gate 

4069 Hex inverter 

4070 Quad EXCLUSIVE-OR gate 
4071 Quad 2-input OR gate 

4072 Dual 4-input OR gate 

4073 Triple 3-input AND gate 


4075 Triple 3-input OR gate (same as 
74H1C4075) 


4076 4-stage tri-state storage register 

4077 Quad 2-input EXCLUSIVE-NOR gate 
4078 8-input NOR gate (same as 74HC4078) 
4081 Quad 2-input AND gate 

4082 Dual 4-input AND gate 

4089 Binary rate multiplier, special device 
4093 Quad 2-input NAND Schmitt Trigger 
4097 Dual 1-of-8 analog switch 


The 40N Dual Input Quad 
NAND Gate 


The 4011 IC is a semiconductor that looks like 
Figure L15-3. 


14 13 12 1110 9 8 


1 2 3 4 5 6 7 


Figure LI5-3 


Notice the method of numbering the pins. All 
DIPs use this system. 

Looking at the IC from the top, the reference 
notch should be to the left as shown. Then, pin 1 is on 
the bottom left. The numbering starts there and 
moves counterclockwise. 

What happens when you flip the chip upside 
down? Where is pin 1 now? 

Study Figure L15-4. The 4011 IC contains four sep- 
arate NAND gates, each able to work independently. 
It has 14 pins. These pins are the connecting points. 


Figure LIS-4 


Here is the pin-out diagram for the 4011. 


e Each pin has a specific function for each IC. It 
is important to connect these pins correctly. 


e Pins | and 2 are inputs to the NAND gate that 
has its output at pin 3. 


e Power to the chip is provided through pin 14. 
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The chip’s connection to ground is through 
pin 7. 


The inputs redirect the output of each gate to 
voltage (pin 14) or to ground (pin 7). 


Exercise: Integrated Circuits, CMOS ICs 


1. 
2. 


What is a DIP? 


State the functional voltage range of a CMOS 
Ic, to V 


Briefly state the six major precautions regard- 
ing the proper care and feeding of an IC. 


a. 


b. 


c. 


d 


e. 


f 


Draw a picture of your 4011 chip. 


Indicate on your drawing all writing on the 
chip. 


Include the marker notch on your drawing. 
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10. 


11. 


12. 


13. 
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Label pins 1 through 14. 


From the diagram sheet, which pin powers the 
4011 chip? 


Which pin connects the chip to ground? 


Describe clearly how to identify pin 1 on any 
IC. 


What would happen if a wire connection of 
the 4011 was made to the wrong pin? 


Would your answer for the previous question 
be true for any IC? Look at the list of some 
CMOS ICs mostly the 4000 series. 


Look at the list of some of the CMOS ICs of 
the 4000 series. How many ICs shown are ded- 
icated Logic Gate chips? 
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section Five 


The First NAND Gate Circuit 


In this chapter we will do the following: 


s* We wilibaldand become familiar wita Lesson 16: Building the 
PR First NAND Gate Circuit 


e We will learn how an analog signal is trans- 
lated into a digital output, using different Enough talk, already. Back to the fun stuff. 


input devices. Breadboard the circuit shown in Figures L16-1 
and L16-2 (see Table L16-1). 


e We will be introduced to control timing in a 
resistor-capacitor circuit. 


LL “=Unused Inputs 


tied to ground 


Figure LI6-1 
l 
2 wires give the 
same action as a 
PB N.O. 
Figure u5-2 


Table L16-1 


Parts List 
RI 

R2 

Cl 

LED 

DI* 


IC 1 


= = a oe oe om 


power diode. 


Even though they don’t look the same, match the 
pin numbers in the drawing with the pin numbers on 2. Are your breadboard connections done prop- 
the schematic. Refer back to the 4011 pin-out dia- 
gram of Figure L.15-5 to help you with this. 


When you attach the power supply, the LED should 


stay off. 


The circuit is working when you momentarily 
close the PBNO and the LED turns on for about e A backward LED won't turn on, even if 
8 seconds, and then automatically turns off again. 


Figure L16-3 
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If the LED turns on as soon as you attach the 
power supply, immediately disconnect the power. 
Something is wrong. If the power remains connected, 
you could burn out your chip. Also, if all you wanted 


100 kQ 
to do was turn an LED on, what’s all the other stuff 
10 M WA A 
Bi doing in the circuit? Just use an LED and resistor 
l pF axial or radial for that. 
5 mm round If the circuit refuses to work immediately, you 


Signal diode (skinny golden) 


4011 Quad NAND gate 


ate Troubleshooting 


*Don't use the fat golden diode. You can substitute the black 


!. Js the power connected properly? Are you 
positive about that? Check again! 


by-side connections. 


3. Are your parts in the right way? 


What to Expect e Is your chip in the right way? 


in the schematic? 


everything else is working. 


4. Now examine Figure L16-3. 


9Vde 
es 


2 wires give the 
same action as a 
PB N.O. 


ooood 


Ooooo 0% 000 
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need to refer to the Troubleshooting Section. 


Some general questions to ask as you look for errors. 


erly? All connections need to be in the small 
rows of five dots. Look quickly for any side- 


e Is your diode going the right way, as shown 


e A backward capacitor won't help either. 


e Set your DMM to voltage DC. Connect the 
black probe to ground. 


e Use the red probe to take two measure- 
ments of the voltage at each of the 19 
check points. The first measurement is 
when the circuit is at rest. That is, you have 
connected the power supply but not played 
with the push button. Record your results. 


Table L16-2 Measurements for Figure LI6-3 


At Rest 


l. V+ These points are connected directly to voltage. 


bo 


This is a bit less than V+. 


3. This is the same as 2. 

4. Reading should be 0.0 v. 

5, 0 Volts or close to it. 

6. The readout from pin 3 should read V+. 

Ts LED Fiat side toward pin 3 LED should be off. 
8. Pins 5, 6,8, and 9 should have 0.0 V. 


e The second set of measurements is when 
the push button is being held down, and 
pins 12 and 13 are being connected to 
ground through the push button. This is to 
guarantee that you are measuring the cir- 
cuit in its active state. See Table L16-2. 


Focus on the area that does not match the 
expected results. 


Active 
Pins Il2 and 13 Connected to Ground 


V+ These points are still connected directly to voltage. 


0 Volts because when the PB is closed, it is connected 
directly to ground. 


This is the same as 2. 
Reading should be V+. 
Reading should be V+. 


This should be V+ minus 2 V (LED uses 2 V) 
Remove LED and reading should change to V +, 


LED should be On, remains on for 8 or so seconds after you 
release the push button. 


These are connected directly to ground and should stil! have 
0.0V. 


= eee eee ee eee 


Lesson 17: Testing the 
Input at Test Point 1 


If the push button works, you will measure the volt- 
age when it is not pushed. There will be no voltage 
when you push it because you are connecting directly 
to ground when it is pushed. 

Record all of your results on the data table at the 
end of Section Five. 

Wrap a piece of wire around the common probe 
(black) and attach it to the ground line of your bread- 
board. Figure L17-1 shows clearly how to do it. This 
makes it easier to do all the other things you need to 
do as you use the red probe to measure the voltage at 
different test points. 


Section Five 


Figure LI7-1 
1. Attach the power supply and measure the 


voltage at the test point 1 (TP 1 shown in 
Figure L16-1). 
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What Is Happening Here? 


e Figure L17-2 is showing that the voltage 
through R1 is putting pressure on pins 12 
and 13, the connected pair of inputs to one 
of the 4011 NAND gates. The input voltage 
is seen as a high. 


Lo 


4" 


Figure L17-2 


e When you measure the voltage at TP1, 
without pressing the normally open push 
button, you are measuring the actual volt- 
age at the input to the NAND gate. 


Is that voltage greater than half of the 
power source voltage? 


It should be much greater than half of the 
voltage. 


Describe the state of the inputs to the first 
NAND gate when the system is at 
rest. 


2. With the power supply still connected, push 
the plunger of the push button down. Record 
the voltage. 


What Is Happening Here? 


e Figure L17-3 shows that when you close 
the push button, the voltage through R1 
flows directly to ground. Like water, the 
voltage and current always takes the 
easiest path. 
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Figure LI7-3 


e The connected pair of inputs 12 and 13 no 
longer have any voltage pressure voltage 
on them. They are all connected to ground. 
Ground at 0.0 volts is definitely less than 
half of the voltage supplied to the chip. 
Remember that ground is just another 
word for a low state. Is that voltage greater 
than half of the power source voltage? 


It should read 0.0 volts. With the plunger 
down, it should be connected directly to 
ground. =e 


Describe the state of the inputs to the first 
NAND gate when the push button is 
closed. 


Describe what happens to the voltage on 
the DMM when you release the push but- 
ton. 


The other instrument reading shown in 
Figures L17-4 and L17-5 is an oscilloscope. 
Each horizontal line equals 2 volts. The 
line representing voltage is at 4 1/2 lines 
up. 4.5 X 2 represents 9 volts. 


Figure LI7-Y 
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Measurement at TP 
+ + AAM 
sciloscope 2 volts/div 


Figure Lt7-5 


Don’t worry if you don’t have a proper 
oscilloscope available. Your computer can 
be used as a cheap “scope” with freeware 
available online. Winscope 2.51 was devel- 
oped by Konstantin Zeldovich, Ph.D. 


It is a wonderful tool and available at 
http://polly.phys.msu.su/%7Ezeld/index.ht 
ml. The only failing is that it is limited to 
measuring rapidly changing signals. We’ll 
be doing that soon enough. It will not 
measure a stable DC input. 


Lesson 18: Test Point 2— 
The NAND Gate Processor 
at Work 


For the NAND gate, if the inputs are connected to 
voltage, the output should be connected to ground. 
Conversely, when the inputs are connected to 
ground, the outputs are connected to voltage. The 
results happen instantly. Take a minute and under- 
stand the NAND gate. 


What to Expect 


With the system at rest and the push button 
untouched, measure the voltage at the output of the 
first NAND gate at pin 11 (Table L18-1). 


Table L18-1 NAND gate logic table 


Input A Input B Qutput 
High High Low 
High Low High 
Low High High 


Low 


= a as m 


High 


[a ee o e o 


The measurement for TP 2 is at pin 11. Referring 
to the schematic in Figure L18-1, this is right at the 
output of the first gate, but before the diode. 


Record all of your results on the data table at the 
end of Section Five. 


!. Measure the voltage at TP 2 with the push 
button open and 


e Because pins 12 and 13, the inputs to the 
NAND gate, are high, the output at pin 11 
is low, 


e This would be the expected value of the 
output when the circuit is “at rest.” 


Figure LIB-1 


2. Measure the voltage at TP 2 with the push 
button held closed and record your results. 


e Both inputs of the NAND gate are now 
connected directly to ground; that is to say, 
they are tied to ground as shown in Figure 
L18-2. Remember that in the NAND gate, 
if either input receives a low produces a 
high output. 


¢ This would be the expected value of the 
output when the circuit is just started, or 
“activated.” 
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Figure LI8-2 


The output at pin 11 is normally low when the cir- 
cuit is at rest. Remember low equals ground. 


This is how the output at TP 2 would look on an 
oscilloscope. Figure L18-3 shows where the voltage 
would be when the circuit is at rest. Figure L18-4 
shows where the voltage would be when the plunger 
is held down and pin 11 is connected to ground. 


Measurement at TP1 
+e + A St 
osciloscope 2 volts/div 

oie at: 


gnd 
Figure L18-3 
; YDC [ i + Measurement a at TPI, R 
Z or ttt ttETt aa 
oe omiy +e + fv 
ee a ee 


8v 
D HHHH- 6 
a w 
b+t++++4+4+4+4- 


gnd 


Figure L18-U 


The voltage produced at pin 11 pushes through the 
diode and gets trapped on the other side. Referring 
to the schematic in Figure L18-4, it would be OK to 
say the voltage and current are trapped on the right- 
hand side of the diode, and not able to drain to 
ground through pin 11. It reaches ground another 
way. 


Lesson 19: Test Point 3— 
Introducing the Resistor 
Capacitor Circuit 


You are introduced to a resistor/capacitor working as 
a pair to control timing. You saw this briefly when 
you were introduced to capacitors in Part I. This is 
called an RC Circuit. This is actually one of the major 
subsystems in electronics, used to control timing. 
Here it is used to control how quickly the voltage to 
the second NAND gate drains, which controls how 
long the LED stays on. In an RC timing circuit, imag- 
ine this. The capacitor is like a sink and holds the 
charge. The resistor is like’a drain pipe. It allows the 
charge in the sink to flow out. 


Note that TP 3 can be considered anywhere along 
the common connection of D1, R2, and C1 and pins 1 
and 2. They are all connected together as they are 
show in Figure L19-1. 


Figure L19-1 
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Record all of your results on the data table at the 
end of Section Five. 


1. Before you take any measurements, allow the 
circuit to remain unused for at least a minute. 
Measure the voltage at TP 3 with the push 
button plunger untouched and record your 
results. 


2. Measure the voltage at TP 3 with the push 
button held closed and record your results. 
Figure L19-2 shows that as long as the NAND 
gate’s output at pin 11 is high, the voltage and 
current push through D1 and does two things. 
It influences the inputs of the second NAND 
gate and fills the capacitor. 


3. Now keep the probe at TP3. Release the PB 
and watch the DMM. What happens here is 
completely different from TP1 or TP2. The 
voltage slowly decreases. If you are using a 
poor quality DMM, the voltage will drain 
through the probe in less than 2 seconds. Ide- 
ally, it should take over 20 seconds to drain to 


near 0 volts. 
OVt Soe 
: When pin 11 is Hi 
> RI voltage pushes through 14 
D1 and fills C1. 


13 


TeH 
12 


Figure LI9-2 


What Is Happening Here? 

The illustrations shown in Figure L19-3 and Figure 
L19-4 show that when the PB is released the output 
at pin 11 goes low. The diode traps the voltage on the 
“right” side. The capacitor holds the voltage that 
influences the inputs of the second NAND gate at 
pins 1 and 2. Meanwhile, the voltage is draining from 
C1 through R2. 


Section Five 


Pins 1 & 2 respond 

to the voltage stored 
in C1. That Voltage 
drains through R2 


Pins 1 & 2 respond 

to the voltage stored 

in C1. That Voltage 14 
drains through R2 


Figure LI9-Y 


You can see the voltage draining on your 
DMM. too. 


When a resistor and capacitor are used together 
like this for timing, this is referred to as an RC circuit. 


Now consider how this affects the inputs to the 
second NAND gate. 


e The voltage at pins 1 and 2 has just moved 
from 0 (low) to 9 volts (high) instantly. No 
problem. 


e But the most important point here is that this 
is DIGITAL. It works in highs or lows, ons 
and offs. 


e The RC’s voltage is ANALOG. Inputs are 
designed to respond to analog inputs. The 
input for the second NAND gate is sliding 
downward, controlled by the RC circuit. 
Where along that sinking voltage path do the 
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second gate’s inputs at pins | and 2 switch 
from sensing the voltage as high to sensing 
that input as low? 


Start the circuit again and carefully watch the 
DMM. What is the voltage when the LED turns off? 
What’s that you say? It looks pretty close to 4.5 

volts. 
That’s right, but only if you use precisely 9 volts 
here. 


Note that Figure L19-5 shows how the falling volt- 


age would be shown on an oscilloscope. The vertical 
lines are used to measure time. The time units here 
are very large for electronics, representing half- 
second units. 


Remember that digital inputs are designed to 


e Sense anything above 1/2 of V+ as high. 


e Sense anything below 1/2 of V+ as low. 


Measurement at TP3 


eo aed 


LS ee ee pe nee es ee ee, 


Time Division is set at .5 second/div 
Is 2s 3s č ds 


Figure L19-5 


e The state of the input changes at half of the 
voltage supplied to pin 14. 


e Ifthe voltage powering the chip through pin 
14 is 9 volts, the state of the inputs to the gate 
changes from high to low at 4.5 volts. 


e Ifthe supply voltage is 12 volts, the inputs to 
the gate will change from high to low input at 
6 volts. 


Exercise: Test Point 3 and Introducing 
the AC Circuit 


1. Record the “at rest” voltage of TP 3 on the 
data sheet at the end of Section Five. 


N 


Push the button’s plunger and hold it closed 
while you check and record on the Data Sheet 
the voltage at TP 3. 


3. How much voltage is used up by the diode 
(tp2@HI — tp3@HI = Vused)? Diode voltage 
= V 


4. Describe what happens to the voltage on the 
DMM when you release the push button. 


5. How long did the LED stay on for my circuit? 
s 


6. What was the voltage on your DMM for TP 3 
when the LED turned off? V 


7. How much time does it take for the voltage to 
draintol volt? ss 

8. What is the capacitor in the RC circuit being 
compared to? A 

9, What is the resistor in the RC circuit com- 
pared to? The ie 


10. Replace R2 with a 20-megohm resistor. How 
much time does the LED stay on now? 
S 


11. For R2 = 20 MQ, what is the voltage when the 
LED turns off? V. Is the LED going off 
at almost the exact point when the capacitor is 
half drained? Yes or No? It should be very 
nearly the same as before. Why would you 
expect this? 


12. With R2 = 20 MQ, how much time does it 
take the voltage to drain to 1 volt? S 
How does that relate to the time it took to 
drain when it was the 10-megohm resistor? 


13. Reset R2 back to 10 megohm. Replace the 
capacitor with the value of 10 pE. What is the 
time for the LED to stay lit with the capacitor 
10 times larger? S 
Was that predictable? 


14. Use this as a rough formula for RC timers. It 
gives an estimate of the time it takes an RC 
circuit to drain from being filled to when it is 
near the voltage that affects the digital inputs. 
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RACI =e 


e Risin ohms. 
e Cis in farads. 
e Tis time measured in seconds. 


Here 


C = 1 pF = 0.000001F = 1 X 10°°F 


Table L19-1 Component values 


Capacitor CI Resistor R2 
1 1 pF 10 MQ 
2 1 pF 20.2 
3 10 uF I MQ 
4 10 uF 2.2 MQ 
5 10 uF 4.7MQ 


15. Now check each RC timer in your circuit. 


See if your predictions are close. They should 
be in the ballpark. 


This is not a precise timer. RC circuits are as 
accurate as the components that make them. 
Consider what affects their accuracy. 


e The resistors supplied have a tolerance of 
5%. 


e Aluminum electrolytic caps generally have 
a tolerance of 20%. 


16. Look at your predictions and results. There 
should be an obvious pattern. Describe the 
pattern you see developing. 


Lesson 20: Test Point H— 
The Inputs Are Switches 


You now get a close-up view of the output of this cir- 


cuit. The LED is removed so you can get “clean” volt- 


age measurements. Also, you start to play with the 
circuit’s output. 


R = 10 MQ = 10,000,000 


(1 X 107 Q) X (10°*F) = 10's 


See Table L19-1. 


Expecied Time On Real Time 
10S 
208 


Remove the LED as shown in the schematic in 
Figure L20-1 for measuring the véltage at TP 4. 
Remember to record all of your results on the data 
table at the end of Section Five. 


Figure L20-1 


Record the voltage at TP 4 while the circuit is at 
rest. 

Now push the plunger of the push button. It isn’t 
necessary to continue holding it down. Record the 
voltage while the circuit is active. 
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What Is Happening Here? 


Figure L20-2 shows clearly what is occurring in the 
circuit when it is at rest. There is no voltage stored in 
C1. The inputs to the second NAND gate at pins 1 
and 2 are low. 


Figure L20-2 


+ 


J 

Si 

2 ppp Di and fils CI 
rp? 


9V SES 
When pin 11 is Hi 


TPI® 


Figure L20-3 


When the push button is released, as shown in Fig- 
ure L20-4, the capacitor starts to drain through R2. 
But as long as the inputs at pins 1 and 2 sense a volt- 
age greater than !⁄ of the voltage provided to the sys- 
tem, they continue to see this as a high input. 

When the voltage stored in C1 drops below the 
half-way mark as shown in Figure L20-5, the inputs 
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voltage pushes through 1 


When the push button’s plunger is pushed, the 
output of the first NAND gate goes high, filling C1 
and providing a voltage nearly equal to V+ to the 
inputs of the second NAND gate. This is shown in 
Figure L20-3. 


now see the analog voltage as low. The internal circuit 
reacts appropriately. The switches reroute the voltage 
supplied to the chip to the output of the NAND gate. 
Pin 3 goes high. 

Now put the LED back into the circuit, as shown 
in Figure L20-6. 
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Pins 1 & 2 respond 

4 to the voltage stored 

> RI in C1. That Voltage 1 
drains through R2 


Pins 1 & 2 respond 

z to the voltage stored 
< RI in C1. That Voltage 1 
drains through R2 [T of | 


Figure L20-5 


Figure L20-5 
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There is some further testing to be done, but first, Think about the beauty of it. 

a puzzling question in two parts. 

i a e e When a digital output is HI, it can be used as a 
Part 1: Why does the LED stay off when the out- voltage source 
a 5 . 


put from the second NAND gate at pin 3 goes high? 


I fiii a F . e And when the output of a digital system is 
nan effort to answer this question, try this. low, it can be used as ground. Figure L20-8 


gives pause for thought. 


1. Stand up. 
2. Put your palms together in front of your chest. 


3. Push them together with equal force. 


Why don’t they move? Because each hand has 
equal force pushing in opposite directions. One force 
cancels the other. There is no movement. This con- 
cept is also shown in Figure L20-7. 


ml) Figure L20-8 


Figure L20-7 , Exercise: TP 4—The Inputs Are Switches 


Table L20-1 is a detailed outline of the system at rest. 


Make a detailed outline for the active system. 
The LED stays off when the output at pin 3 pro- 


vides an equal force to V+. It is ike having both legs 


of the LED connected to voltage at the same time. Table L20-1 Outline of system at rest 
Nothing is going to happen. Input At rest. the inputs to the first NAND gate at pins 
7 12 and 13 are tied to V+ through RI. 


Part II. Remember, there were two parts to the 
Processor 1. Because the inputs to the first NAND gate are 


both high, the output is low. 

2. The capacitor has little or no voltage because it 
has drained through R2. 

9 2 

LED on? 3. The inputs to the second NAND gate are both 
low. They are tied to ground through R2. 

4. Because the inputs to the second gate are both 


question, 


How does a “low” output of 0 volts turn the 


Look at the schematic diagram in Figure L20-4 


closely. The inputs act only as switches. They reroute low. the output from the second gate is high. The 
the output to voltage or ground depending on the second gate acts as a source for voltage. 
conditions. Here, when the output is connected to Output Because there is no voltage difference between 
ground, the voltage moves from V +, through the V+ and the high output of the second NAND 

: : - ate, re is ss li rent.’ 
LED, through the IC, to pin 7 which is connected bate there is norpreesire to pisti ihe curent ine 

y LED remains off. 

directly to ground. -æ m m m o a e ee ee eee ee ee M 
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1. Make a detailed outline for the ACTIVE sys- 2. Connect the LED as shown in Figure L20-9. 


tem. : ae ’ 
a. Describe what the circuit does now when it 


is at rest. 
Input 


b. Describe what the circuit does now when 
it is active. 
Processor 
c. Explain what is happening. Keep in mind 
the fact that pin 3 is the output of the sec- 
ond NAND gate. 


Output 


Section Five Data Sheet 


—_— eee a w o A a a o o o a o 


Record all of your results from Section Five in Table 
L20-2 data table. There appears to be a huge amount 
of information. This single table can be used for your 
convenient reference and review. 


Figure L20-9 


Table L20-2 Data table 


System at Rest System Active 

PB unpushed Immediately 

or | minute PB pushed upon release 
TP | 


TP 2 
TP 3* 


TP4A 
(no LED) 


TP4B 
(LED In) 


*What was the voltage to the inputs of the second NAND gate when they sensed a change from a high input to low inputs and the LED 
turned off? 
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Section Six 


Analog Switches for 
Digital Circuits 


Is there really gold at the end of a rainbow? That’s 
only wishing for power. But the knowledge of how to 
use voltage dividers? THAT is POWER! There is 
real power in this knowledge! Knowing this gives you 
the power to control. Electronics is about control. 


Lesson 21: Understanding 
Voltage Dividers 


You know that voltage is used as it passes through 
resistor loads. The higher the value of the resistor, the 
greater the amount of voltage used. You already 
know, as well, that all the voltage is used from V+ to 
ground. So far, so good. Here, we use two resistors to 
give us any voltage we want at the midpoint. We 
divide the voltage. There is even a simple math for- 
mula to predict the outcome. 

Here we will apply our knowledge to build 
switches that control the circuit. Some have moving 
parts, but others don’t. The projects you will be build- 
ing can use many types of switches. Here are some 
examples. 

Figure L21-1 shows a simple motion detector. You 
can make many physical switches that work like a 
push button. 


LOQ 
Q 


pon \ 


Figure L21-1 a 
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e Itcan be made to be small enough and be hid- 
den in small boxes or cans. 


e Itcan be made sensitive enough to trigger 
when a person walks by on a wooden floor. 


Figure L21-2 uses what is referred to as a break 
beam. The sensor acts like a dark detector. It requires 
a source of light to keep the light-dependent resistor 
at a low resistance. If the beam of light is interrupted, 
the resistance increases. The changing voltage level 
triggers the inputs. 


\ A 
= | 


Dark Detector: If the beam a 


Laser Pointer 


is broken, the circuit starts. 


Figure Lel-2 


By trading positions of the resistor and LDR, you 
create a light detector. Such a device can be used to 
alert you when a car turns into your driveway. The 
headlights would trigger this unit. 


At what voltage do digital inputs sense the change 
from high to low? Ideally, it would be right at half of 
the voltage supplied to the system. 

That means that if V+ is 9 volts, the inputs sense 
the high-to-low change as V+ falls below 4.5 volts. 

How do we get the inputs to change from high to 
low at the first gate? Right now, as you can see in 
Figure L21-3, you have the normally open PB to 


connect those inputs directly to ground when you 
push that plunger. 


9VDC 


Figure Lel-3 


Modify the Circuit 


Remember always to detach your power when mak- 
ing changes. 


Make the three changes on your solderless bread- 
board that are shown in Figure L21-4. 
1. Replace the PB with the trimming poten- 
tiometer. 


2. Replace RI with 39-kilo-ohm resistor. 


3. Remove C1. You remove the capacitor so the 
circuit reacts instantly. 


Figure L21-4 


What to Expect 


l. Turn the trim potentiometer to full resistance. 


2. Measure resistance between A and center. 
(B is unconnected.) 


3. It should be near 100,000 ohms. 
4, Attach the power. 
5. The LED should be off. 


6. Adjust the trim pot until the LED goes on. It 
should stay on. 


7. Disconnect the power; remove the trim pot. 


8. Measure and note the resistance between A 
and center now. 


Now put the trim pot back into the circuit. Turn 
the trim pot backward until the LED goes off. 
Remove it again and measure the resistance at that 
point. Actually, it will be much less than 39 kilo-ohms. 
But this is an introduction to voltage dividers. Let’s 


keep it simple. 


How It Works 


We can use different resistors and variable resistors 
to create changing voltages similar to what we did 
with the night light. 

Remember the night light? This is for reference 
only. Don’t rebuild it. 
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Think of how the night light worked. Use Figure 
L21-5 as a reference. 


e The NPN transistor needed positive voltage to 
its base to turn on. 


e The potentiometer adjusted the amount of 
voltage shared by the 22-kilo-ohm resistor 
and the LDR. 


e In light, the LDR had a low resistance, allow- 
ing all of the voltage to flow through to 


Figure L21-5 


ground. Because the base of Q1 got no volt- 
age, the valve from C to E stayed closed. 


The resistance in the LDR increased as it got 
darker, providing more voltage to the base of 
the transistor, pushing the valve open. 


As the voltage flowed through the transistor, 
the LEDs turned on. 


We can apply the same idea to the digital circuit 


inputs, as we can see in Figure L21-6. 


> 
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Figure L2l-6 


Remember: By simple definition, a circuit uses all 
of the voltage between the source and ground. 


1. Two resistors set between voltage and ground 
use all of the voltage. 


2. The first resistor uses some of the voltage, and 
the second uses the rest. 


SOE NNYYWAEAMAN ARH! e 
DUSMOWoOMDUNSiNoinoinoin| S 
SOP ENNY Ob RAMAN IIE | OS 
Dubuo Dinon ononon] S 


If you know the value of each resistor, you can 
figure the voltage used by cach one using sim- 
ple ratios. You compare the partial load to the 
whole load. 
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Look at Figure L21-7 as an example. 


Here RI = R2. 
R1 = 10 KQ 
R1 = 10 kQ 
9y 9y+ ; 
RI >o 45V 
Test ° 
Point $ 
04,5V 
R2 ? 
endl eo 
aaa 
LI 
Figure L21-7 


When RI = R2, the voltage at the midpoint is 
exactly half of V+ because each resistor uses exactly 
half of the voltage. 


V({R1/R1 + R2) = voltage used by R1 


9 V (10 kQ/10 kO + 10 kQ) 


This gives us a number of 4.5 volts used. 
Why does the voltage split like this? 


Simply because the resistor is a load. The larger 
the individual load when compared to the total load, 
the more voltage is used up. If there are two loads 
of equal value, they both use the same amount of 
voltage. 


Build on Your Breadboard 
Rl = Re 


Do not take apart your digital circuit. 


Build the setup of two resistors on a separate spot 
of your SBB. 


R1 = 10 kQ 


R2 = 10 kV 
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Measure and record the voltage at these points. 
Voltage from V+ to ground = total voltage. 


Voltage across R1, 


from V+ to midpoint_ = voltage used by R1. 


Voltage across R2, 
from TP to ground = voltage used by R2. 
The voltage measured across R1 and R2 should be 
the same and equal to 1/2 of V+. It may be off by a 


few hundredths of a volt because of the following: 


1. The voltmeter acts as a third load and affects 
the circuit. 

2. The resistors have a range of accuracy of plus 
or minus 5%. That means a 10-kilo-ohm resis- 
tor could have a value of 9,500 ohms to 10,500 
ohms. 


The ideal statement for voltage at the midpoint 
when R1 = R2 is that the voltage is divided by half. 


The load uses that portion of the voltage, in a ratio 
compared to the total load. 


Build on Your Breadboard 
Ril > Re 


What happens when we build a voltage divider of 
unequal parts? 

Here is what happens when R1 is 10 times the 
value of R2 as laid out in Figure L21-8. Replace R2 
with a 1-kilo-ohm resistor. 


Figure L21-8 
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If, for example, 


V+ = 9.0 V 


Again, figure the voltage used like this. 


R1 
Veotal G E RO |- Vusea 


9 V(10 Kĝ/10 KQ + 1 kD) = 8.2 V 


But remember that the important information 
really is the voltage remaining. 


R1 uses up 10/11 of the total voltage. That is 8.2 
volts to be exact. The voltage left at the midpoint 
should be about 1/11 of the total because 


Total volts — used volts = remaining 


volts 
11/11 = 10/11 = 1/11 


F y = 8.2V= 0.8 V 


It is important to be able to predict the voltage at 
the midpoint. 


This allows control to trigger a digital circuit with 
whatever switch you create. 


Exercise: Understanding Voltage Dividers 


Predict the voltage in a voltage divider if you have 
exactly 9 volts. 


Don't breadboard these voltage dividers. 


Use the formula. And don’t forget. 
Total — Used = Remaining. 
l. R1 = 1 kf 


R2 = 10 kQ 


Midpoint V = __ 


2. R1 = 100 Q 
R2 = 1 kQ 


Midpoint V = ___ 


Section Six 


3. Rl =1kO 
R2 = 100 2 


Midpoint V = __ 


4. RI = 39 KQ 
R2 = 100 kQ 
Midpoint V = __ 
5. R1 = 39 KQ 
R2 = 2.2 MQ 


Midpoint V= ___ 


6. R1 - 2.2 MQ 


R2 — 100 kQ 


Midpoint V= __ 


7. R1 = 100 kQ 


R2 = 20 MQ 
Midpoint V = ___ 
Key 

l. 82V 

2. 82V 

3. 0.8V 

4. 65V 

5. 88V 

6. 04V 

7. 0.0V 


Lesson 22: Create a Light- 
Sensitive Switch 


Remove the last section’s two-resistor voltage divider 
setup from the SBB, so they are no longer in the way. 

The inputs to the first gate are held high via con- 
nections through R1. The circuit is at rest. No, it is not 
off. The circuit is off only when the power is discon- 
nected (Table L22-1). 
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Table L22-1 NAND logic tabl 7 f “ 7 
is SEEE Modifying the Circuit: 


Input A Input B Output The Light Detector 
High High Low 
The capacitor remains OUT (disconnected) for this 
lesson. Leaving it in will delay the change in output 
Low High High and confuse what you should see. Now try the other 
variable resistor, the LDR. 


High Low High 


Low Low High 


1. Remove the trim pot. 


Remember: Disconnect power when you change 
parts on the breadboard. 2. Place the LDR into your circuit as shown in 
Figure L22-2. 


Refer to Figure L22-1 as we do a quick review of 
how the trim pot worked as a switch. 


Figure Lee-l 


The 100-kilo-ohm trim pot replaced the normally 
open push button with a sliding resistance. As the 
trim pot changed resistance, the ratio of the voltage 


divider changed. Notice what happened to the output a 
of the circuit as you adjusted the trim pot back and Figure L22-2 
forth. 


e As you increased the resistance, the voltage to 
the first NAND gate’s inputs increased. It was 


harder for the voltage to reach ground What to Expect 

because of the increased resistance of the 

trim pot. 1. When you attach the battery, the LED should 
é The wouk Ode WAND Sate wereeonnecied turn on instantly because this circuit is at rest 

to voltage, giving a low output from the first inthe dans 

gate, 2. Because this setup is ACTIVE in the light, 


you will have to place the circuit into a dark 


e With the first gate inputs connected to a high . ; : 
z P gn situation for it to be at REST. 


the system was at rest. 
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3. When the resistance of the LDR goes down in 
the light, the inputs to the first NAND gate 
sense that decrease in voltage. When it drops 
below half of the voltage from the power sup- 
ply, they sense this as a low input. 


Modifying the Circuit: The 
Dark Detector 


Reverse the positions of RI and the LDR as shown 
in Figure L22-3. This simple change creates a dark 
detector. It is at rest in the light, and becomes active 
if the resistance of the LDR goes above 39 kilo-ohms. 


R S. 
w 
<r 


Figure L22-3 


This setup needs to be in constant light to keep the 


circuit at rest. It will detect a break in a light source. If 


you put the circuit in the light and an object breaks 
the light source to the LDR, it will start the circuit. 
A common favorite is to put this switch onto a toy 
car. The lights turn on every time it goes under 
something. 
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Lesson 23: The Touch 
Switch 


First, you have noticed that your skin conducts elec- 
tricity, but it does have a very high resistance. 
1. Set your digital multimeter to resistance. 


2. Grasp a probe in each hand. 


The resistance reading will constantly change, but 
should stay in the same range somewhere between 
100,000 ohms (100 kQ) and 1,000,000 ohms (1 MQ). 


Now change the beginning portion of the circuit to 
resemble the schematic shown in Figure L23-1. 


CA: 


oa 
im Lua ap yee 
ERTE i 
arog oO “eS 3 
| 000p, DOOH D 
2 Ai 


Two bare wires 
next to each other Es) 
DOOoOagNnNGa 


Figure L23-1 


What to Expect 


1. Attach your battery. 


2. ‘Touch your finger to both of the wires at the 
same time. 


The LED turns on when your finger touches 
both wires that make the touch switch. 
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How It Works 


Figure L23-2 demonstrates the effect of the finger’s 
resistance when you become part of the circuit. The 
input pins 12 and 13 sense less than half of V+ when 
the finger touches. A voltage divider only exists when 
there are two resistors. So consider. Is there a voltage 
divider when you are not touching the contacts? 


Vtotal 


VRI 


= Vtp = Vtotal - VR1 E— Vip 


Figure L23-2 


Figure the actual voltage at the inputs to the first 
NAND gate when the finger is touching, Assume you 
have a very dry finger and it has a resistance around 


1 megohm. 
R1 
Vused Vieora x (z: + R2 | 
Viota? Vused = Viiapoint 
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Section Seven 


The NAND Gate Oscillator 


Have you seen The Wonderful Wizard of Oz? Don’t 


“ignore the man behind the curtain.” I’m going to Lesson 2U: Buildi ng the 
whisper some words that scare most people. ‘ 
NAND Gate Oscillator 
Here, just like the title says, you will incorporate the 
Knowledge , Desi gn, two unused NAND gates of the 4011 and build an 
C | extension onto your existing circuit. That extension 
ontro will create a flashing output. 


Add to your breadboarded circuit. Don’t strip 


As you start to learn how to control digital inputs, 
i P your breadboard. 


you actually start to understand how some of the 
Here you will get some dramatic changes by 


adding three basic components and changing some 
wiring to use the other two NAND gates. 


“whiz-bang” electronics around you actually work. 
Go out and buy a copy of a monthly electronics mag- 
azine. You will actually understand more than you 
expect. Remember, electronics is not hard, just lots of Note what is needed in Figure L24-1 (Table 


new information. L24-1). 


Figure L204- 
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Table L24-1 
Parts List 
RI 100 kQ 
R2 10 MQ 
NEW R3 470 kQ 
NEW R4 2.2 MQ 
CI l uF 
NEW C2 lpr 
DI 4148 signal diode 
LED 5mm red 
ICI 4011 quad NAND gate 
PB Normally open 


= ey om o D m D a ER ae e A a O o ey 


There are only four points connected to ground 
now. Make sure that inputs 5/6 and 8/9 are no longer 
connected to GROUND. 


What to Expect 


Press the button to make the circuit go “active.” The 
LED should flash once a second for about 8 seconds. 
It stops and automatically returns to its rest state. 


If It Isn't Working: Problems 
and Troubleshooting 


This Troubleshooting Guide will help you with the 
oscillator prototype on your breadboard and your 
finished project. 

The intent of the Troubleshooting Guide is to help 
you locate the problem causing your circuit not to 
work. The hardest part of troubleshooting is finding 
the source of the problem. Once you find the cause of 
the problem, it’s usually not difficult fixing it. I don’t 
go into detail on how to fix it once you’ve located it. 
Upon closer inspection, that becomes self evident. 


Something to consider. If your LED is flashing 
faster than 24 frames per second, it looks like it is on 
steadily to you. DID YOU KNOW that if the LED is 
blinking at 24 Hz or faster, your eyes tell you it is not 
blinking at all? That is why movies are shown at 26 
frames per second. You are sitting in complete dark- 
ness for half of the time. You just can’t notice it. Old 
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silent movies are stuttering and jerky because they 
were often done at a rate just less than 24 frames per 
second. You can notice that. 


There are usually four major problems that occur 
with this circuit. 


1. Attach power and the LED lights up but does 
not blink. Start at number | on the table 
below. 


2, The LED blinks as soon as you attach the bat- 
tery. Start at number | on the table below, but 
pay careful attention to the first gate. Some- 
thing is triggering the inputs at pins 12 and 13. 


3. The LED is off until you activate the circuit. 
The LED turns on but does not blink. It does 
time off properly. Problems at RC2. Check 
R3, R4, and C2 connections and values. Then 
start at 10. If you don’t get 1/2 of V+, return 
to start at 1. 


4. The LED is off and stays off. Is your power 
supply connected? Start at 1. Do not just 
insert a fresh 4011 chip into the circuit. Ifa 
physical error blew your chip, that same error 
will keep on blowing chips until you fix it. 


If you find a step checks out OK, then move to the 
next step. If not, do what is recommended. 


1. Visually inspect all connections. 


e All pins on the 4011 chip should be used. If 
you find an open pin, something is missing. 


e A wire left in from the previous setup 
could still be connecting pins 1 and 2. 


ə Pins 5 and 6 are connected, but the wire 
connecting these to ground needs to be 
removed. 


e Pins 8 and 9 are connected, but the wire 
connecting these to ground needs to be 
removed. 


e Make sure that none of the bare legs of the 
parts are touching at crossovers, creating a 
short circuit. 


2. Look at all parts that have to be put in with 
polarity in mind. Positive must be toward V+ 
and negative toward ground. 


e Capacitors 1 uF and bigger 
© Chip 
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e LEDs 

e Transistors (Lesson 29) 

e Diodes 

e Speaker (Lesson 27) 
Check that the IC has power. 


e Note that V+ is being supplied to pin 14. 
Check that there is voltage being supplied 
from the battery to the V+ line on the 
board. 


e Check that there is a wire connecting pin 
14 to the V+ line. 


Note that ground has only four connections. 
Check that there is continuity from the small 
button on the battery clip to the ground line. 
e Pin7 

e R2 

e Cl 

e Contact to the input switch 


Here you are looking for short circuits in your 
wiring. This can also be caused by sloppy sol- 
dering. 


Disconnect the power and replace the chip in 
the breadboard with a chip seat (empty 
socket). 


Get a multimeter and start checking at points 
noted. Infinite or over limit means that there 
should be absolutely no connection between 
the two pins with the chip removed (see 
‘Tables L24-2 and L24-3). 


Zero ohms means there is a direct connection. 


Table L24-2 Measure the resistance at each 
leg of the chip with the black probe connected 


to ground. 

Aled Black Expected 
Probe at Probe Resistance 
Pin 1 Pin 7 Infinite 

Pin 2 Pin7 Value of R2 
Pin 3 Pin 7 Infinite 

Pin 4 Pin 7 Infinite 
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Pin 5 Pin 7 Infinite 

Pin 6 Pin 7 Infinite 

Pin 8 Pin 7 Infinite 

Pin 9 Pin 7 Infinite 

Pin 10 Pin? Depends on the output, 
disconnect the output, 
and it should be infinite 

Pin 11 Pin7 Infinite 

Pin 12 Pin 7 Infinite 

Pin 13 Pin7 Infinite 

Pin 14 Pin 7 Infinite 

Table L24-3 


Measure the resistance from each pin to the 


next. The chart assumes that RC2 Oscillator is 
installed. 
Red Black Expected 
Probe at Probe at Resistance 
Pin 1 Pin 2 Infinite 
Pin 2 Pin 3 Infinite 
Pin 3 Pin4 Infinite 
Pin 4 Pin S Infinite 
Pin 5 Pin 6 00 
Pin 6 Pin7 Infinite 
Pin 7 Pin 8 Infinite 
Pin 8 Pin 9 00 
Pin 9 Pin 10 Infinite 
Pin 10 Pin 11 Infinite 
Pin 11 Pin 12 Infinite 
Pin 12 Pin 13 00 
Pin 13 Pin 14 Value of R1 
Pin 14 Pin 1 Infinite 
6. Replace R1 with 100 kilo-ohms (20 megohms 
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is too sensitive and will start the circuit). 


With the battery connected, check that the 
voltage at pins 12 and 13 is well above half 
voltage when the switch is “open.” 
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11. 


12. 
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Check that the voltage at pins 12 and 13 is 
well below half voltage when the switch is 
“closed.” 


With the battery connected, check the voltage 
at pin 11 when the switch is “open.” It should 
read 0.0 volts (low). 


Close the switch and check that the voltage at 
pin 11 when the switch is “held closed.” 
Should be V+ (H1). 


e If pin 11 does not respond properly, the 
gate is either burnt out or pin 11 is acci- 
dentally connected to ground or some- 
where else. 


With the battery connected, check the voltage 
at pin 2 (RC1) when the switch is “open.” It 
should be sinking toward 0 volts. 


Then check the voltage at pin 2 (RC1) when 
the switch is “held closed.” Should be up at 
full voltage. 


If RC] does not fill, check the value of R2. 
Also, check if diode 1 is in the right way. Then 
replace D1 with a power diode 1N4005. The 
signal diode might have burnt out. Also, check 
for accidental connections to ground or some- 
where else. 


When pin 2 is low, pin 3 should be high. Con- 
versely, when pin 2 is high, pin 3 should be 
oscillating. 

Use a multimeter to check if the oscillator is 
working at pin 3. 


e If RC2 is set for slow pulse of 2 Hz or 
slower, the reading will swing from V+ to 
O volts. 


e If RC2 is set for a faster frequency, the 
reading will stay at half of V+. 


For example, if V+ is 9 volts, the meter will 
read 4.5 volts because it will average the volt- 
age swings between 9 and 0 volts 


The output at pin 3 should be directly con- 
nected to pins 5 and 6. The reading at pins 5 
and 6 will be identical to the reading at pin 3. 


The output of pins 5 and 6 is at pin 4. Check 
to see that the gate is working. 


The inputs to the fourth gate, pins 8 and 9, are 
connected directly to pin 4. Check to see that 
the gate is working. 


13. Is your output device working? 


e Isan LED burnt out? Test them singly in a 
9-volt system with a 470-ohm resistor. 


e Perhaps your speaker is broken. Check 
continuity on the speaker wire. 


e Is your transistor the correct value? Maybe 
it is burnt out. Lesson 29 guides you 
through testing of transistors. 


Lesson 25: Understanding 
the NAND Gate Oscillator 


Table L25-1 describes the present system. It is an 
even closer look at how the NAND gate works. The 
NAND gate oscillator is widely used because it can 
be tuned easily using an RC. Watch for the new 
vocabulary. Master the material now or be a slave 
later. 


Table L25-1l Here is the system diagram as it 
exists now 


Input Processors Dutput 
Push RC1-Push on/timed off LED flashing once 
button about 10 second per second 


RC2-NAND gate RC 
oscillator 


At 1 flash per second 


Recall the logic table for the NAND gate (Table 
L25-2). 


Table L25-2 Logic table for the NAND gate 


Input A Input B Output 
(Pin 2) (Pin I) (Pin 3) 
High High Low 

High Low High 

Low High High 

Low Low High 
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In review, recall what happens at RC1. Gate 1 is 
used to start the RC1. RC1’s C1 fills and drains 
through R2. These control the time the circuit stays 
on. 


e Gate 1 output goes high. 

e D1 traps the voltage on RCI side. 

e Cl fills. 

e 2 drains the voltage. 

The action of an RC circuit is always the same. The 


only difference is the speed that the circuit fills or 
drains. Figure L25-1 reviews that basic action. 


gee | 


Figure L25-1 


But we arc interested now in RC2. RC2 is made of 
C2 and R4. They use gate 2 to make an oscillator. The 
oscillation action happens at gate 2. 

Look at the setup of gate 2 shown in Figure 125-2. 
The high or low state of pin 3 determines the state of 
pin 1. Pins 1 and 3 have a special relationship. Pin 3 is 
the master, pin | is the slave. 


The following table shows the system at rest. 
There is no activity or changing voltage values hap- 
pening within the circuit. 


Table L25-3 shows the system at rest. 
Table L25-3 System at rest 


Time {Seconds} Input A at Pin 2 


The system remains at rest until pin 2 changes state when 
RCI gets charged. 


Pin 2 Input does 
not effect the 
Master/Slave 
relationship 


Figure Lag: 


So pin 1 is a Slave to pin 3. When the system is at 
rest, C1 has less than half of V +. Because pin 2 is low, 
pin 3 gives a high output. Note the NAND gate’s 
logic in Table L25-2. In fact, if either input is low, the 
output is high. This is shown plainly in Figure L25-3. 


Output at Pin 3 


l Input B at Pin I 


As long as one input is low, 
the output is high. 


Slaved to pin 3 


1 Low High 
2 Low High High 
3 Low High High 
4 Low High High 
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But what happens when the circuit becomes goes high, because the capacitor is charged, pin 3 
active? Figure L25-4 clearly shows that when pin 2 goes low, 


Figure L25-4 

It takes a fraction of a second for the input at pin 1 The series of actions is actually laid out very neatly 
to respond because C2 has to drain. Once it has in the following table. 
drained, the voltage at pin 1 matches the output of The system starts at rest. When the system 
pin 3. Wait!? Pin 3 is now low. So pin 3 makes pin | becomes active, oscillating starts as shown in Table 
low, but pin 2 is high. One of the inputs is low, which L25-4. An animation at www.books.mcgraw-hill.com/ 
makes the output at pin 3 go high. This is better than authors/cutcher provides more detail. 


a puppy chasing its tail. 


Table L25-4 Series of actions 


Voltage in RCI System State Time Input A Pin 2 Input B Pin I Output Pin 3 
0 Rest 0 Low High 
0 Rest 0 Low High High 
0 Rest 0 Low High High 
9 Active l High High Low 

8.5 Active 2 High Low High 
8.0 Active 3 High High Low 
75 Active 4 High Low High 
7.0 Active 5 High High Low 
6.5 Active 6 High Lo High 
6.0 Active 7 High High Low 
5 Active 8 High Low High 
5.0 Active 9 High High Low 
4.5 Active 10 High Low High 
4.0 Rest ll Low High High 
3.5 Rest 12 Low High High 
3.0 Rest 13 Low High . High 


92 Electronic Circuits for the Evil Genius 


Animated versions of these tables at www.books 
smcgraw-hill.com/authors/cutcher show the feedback 
loop of RC2 in action. As you can see, the feedback 
loop at gate 2 creates the oscillation! 


Lesson 26: Controlling the 
Flash Rate 


The NAND gate oscillator is widely used because it 
can be “tuned” easily using RC2. This page explains 
how it is done. You start to realize that there is a 
direct relationship between the size of the RC and 
the actual frequency outpul. 


Both the values of the C2 and R4 that make the 
RC2 timing circuit determine the rate of oscillation. 
The rate of oscillation is properly called hertz (Hz). 
Hertz is frequency per second. Another way of saying 
this is how many beats per second. It is a standard 
unit. 


How It Works 


First, an explanation of how the second resistor 
capacitor circuit (RC2) works. Then we’ll play with it. 
This is not an exact representation of the circuit, but 
it will help you learn what is really happening. 

Figure L26-1 shows your original RC2 setup 
where C2 = .1 uF and R4 = 2.2 megohms. R4 is rep- 
resented by the pipeline feeding the capacitor. 


Pin 2 is low. The system is at rest and stable. 


Figure L26-1 
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The high output from pin 3 is defined by the 
inputs. The capacitor C2 is fully charged. There is no 
place for it to empty. 

When RC1 gets charged. the system becomes 
active. You recognize that the high inputs at pin 1 and 
pin 2 create a low output. The low output at pin 1 
allows the charge held in C2 to begin draining. It does 
so at a speed determined by the size of R4. Figure 
L26-2 shows the action of drainage from C2. As long 
as the voltage is above that magical half of the volt- 
age mark, pin 1 sees its input as high. 


Figure L26-2 l 


But as soon as the charge in C2 drops below a cer- 
tain point, the input to pin 1 senses that input as low. 
HMM? Pin 2 is still high. NAND gate logic demands 
that the output at pin 3 become high. And C2 starts 
to fill (see Figure L26-3). 


C2=.1uF 


[pressure < 1/2 of voltage 


Figure 126-3 


The NAND Gate Oscillator 93 


Of course, this continues until it goes above that 
magical marker, when the action reverses again. RC] 
may be set for 10 seconds. RC2 might be set for | Hz. 
So by the time pin 2 goes low again, RC2 will have 
filled and drained 10 times. 

RC2’s rate of voltage charge/discharge is charted 
and shown in Figure L26-4. 


Figure L25-4 


C2 fills and drains. This creates the analog input to 
pin 1. That sliding up and down input controls the 
digital high and low output shown as thick square 
waves. 


I have made the assumption that the power supply 
is a convenient 9 volts. That makes the half-voltage 
mark 4.5 volts. Notice the grayed area around the 
half-voltage mark. In simplifying the explanation, I 
have referred to the magical point of 1/2 of V+. 
That’s not quite true. There is a bit more of a range. If 
the voltage is moving upward, it has to rise above 
about 5 volts to be sensed as high. If the voltage is 
dropping, it has to drop below nearly 4 volts before it 
is registered by the inputs as low. 


Modifying the Circuit 


Make sure your battery is disconnected. 


Now replace C2 with a 0.01-F capacitor. Use the 
DMM to check the capacitance. Ideally, the capacitor 
you have is marked the same way as the disk capaci- 
tor shown in Figure L26-5. There is no standard for 
marking capacitors. There are several generally 
accepted methods. You can expect to see the marking 
103Z. That refers to 10 followed by three zeros. In 
other words, 10,000. Disk capacitors are measured in 
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Figure L26-5 


picofarads. That is a millionth of a microfarad. That is 
a thousandth of a nanofarad. 10,000 pF is 10 nF is 
0.01 pF. 

Or it might be marked with 0.01 or even u01. This 
refers to 0.01 pF. The label u01 uses the value marker 
as a decimal marker as well. Face it, there’s not much 
space. 

This capacitor is 10 times smaller than the one you 
have in the circuit right now. Capacitors this small do 
not have any polarity. There are no positive or nega- 
tive legs. R4 is unchanged at 2.2 megohms. 


Connect your power supply. 


Notice the new setup shown in Figure L26-6. 


Figure L26-6 


The system is at rest, but C2 is represented as a 
tenth the size as before. So what do you expect will 
happen? 

The LED should flash very quickly for about 10 
seconds, depending on your timing for RC1. Figure 
L26-7 shows the reaction by the NAND gate to the 
changing voltages on pin 1. 
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Flashing at 1 Hz using .01uF Cap & 2.2 Ma 


| 
| 


s AM AM 


sil ii 


Figure L26-7 


Table L26-1 Tracking table 


Ideally, it reacts exactly 10 times faster because the 
capacitor is 10 times smaller. 


Exercise: Controlling the Flash Rate 
Pull C1, the capacitor, from RCI. That way you can 
count without worrying about the circuit timing out 
at the wrong time. 

On your solderless breadboard, you will change 
components to affect the oscillation timing of RC2. 
Track your results in Table L26-1. 


Timing Flashes in iQ s Average 

A4 C2 Comment l e Ej 
IMQ 0.1 pF 
2.2 MQ 0.1 pF Twice the resistance 

Expect half the rate 
4.7 MQ 0.1 pF Twice the resistance 

Expect half the rate 
10 MQ 0.1 pF Twice the resistance 

Expect half the rate 
10 MQ 0.01 pF Tenth the capacity 

Expect 10 times faster flash rate 
47 MQ 0.01 pF Half the resistance 

Expect twice as fast 
2.2 MQ 0.01 pF Half the resistance 

Expect twice as fast 
1MQ 0.01 pF Half the resistance 

Expect twice as fast 

Is there a pattern when you compare it to the 
flashing rate using the 0.1 pF capacitor that was 10 
times larger? 
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Lesson 27: Create a 
Sound Output and Annoy 
the Person Next to You! 


You adjusted the frequency of RC2. This is a direct 
continuation of the previous lesson, but the LED out- 
put has a flash rate too fast to see. Did you know that 
people see smooth motion if related pictures are pre- 
sented at 24 frames per second. That 1s why movies 
are projected onto a screen at that rate. That is also 
why we have to move from the LED to a speaker. 
When the LED is 24 frames a second or faster, it 
might appear to dim a little, but you won't see it flash. 
Why does it dim? Because it is off half the time. 
Don't you realize you’re sitting in complete darkness 
in the movies for half the time, too? 


Modifying Your Circuit 


Don’t clear your breadboard. Figure L27-1 shows the 
schematic that you have been using (see Table 
L27-1). Just replace the LED with the speaker and 
change values of other components stated in the 
parts list. 

Also, if you removed C1 for the exercise in Lesson 
26, put it back in. 


Disconnect your power to make these changes. 


Table L27-1 


Parts List 

Rl 20 MQ. 

R2 10 MO 

R3 470 kQ 

R4 2.2 MQ 

Cl l pF electrolytic 
C2 0.1 uF 

D1 4148 signal diode 
Speaker 8Q 


IC 4011 Quad NAND gate 


Going from left to right on the schematic. 


1. You have a touch switch to activate the cir- 
cuit. 


2. The amount of time the circuit stays active is 
set by R2 and Cl. R2 and C1 make the first 
resistor capacitor circuit (RC1). 

3. The rate of oscillation is determined by C2 
and R4 (RC2). 

4. Here, the voltage from pin 10 moves from V+ 
(high) to ground (low) at a frequency set by 
RC2. 


Be cautious. Don’t connect your speaker 
directly to the battery. Small speakers are 
made with very fine wire. Too much current 
will heat the wire, possibly enough to melt it. 
Such a break would render the speaker 
useless. 


Figure L27-1 
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5. Speakers respond only to voltage changes. 
Speakers do not produce sound just because 
V+ is applied to them. Buzzers have a circuit 
inside. They create their own noise. If you put 
your speaker to a battery, you hear a 
“crackle” as you connect, and another as you 
disconnect. It is merély responding to changes 
in voltage. An excellent explanation about 
how a speaker works is posted at www.how- 
stuffworks.com/speaker1.htm. 


6. Replace the LED with the 2-inch speaker. 
Note the polarity of the speaker. 


The speaker will click slowly and very quietly. 
You may have to use your fingers to feel the 
pulse. It should pulse about 15 to 20 times in 5 
seconds. 


The speaker pulses each time the current is 
turned on, moving from low to high, and each 
time the current is turned off, moving from 
high to low. In the previous exercise you 
pulsed the LED at different speeds by chang- 
ing the rate of oscillation in RC2. 


Your exercise results should have shown this pat- 
tern (see Table L27-2). 


Table L27-2 Exercise results 


Resistor Capacitor Flashes 

Values Values in l0 s5 Speed 

10 MQ 0.1 pF 1 Very slow 

4.7 MQ 0.1 pF 2 Double of 
previous 

2.2 MQ O04 pF 4 Doubled again 

IMQ 0.1 pF 10 10 times faster 


than the 10 MQ 


Decreasing the resistance is like widening the 
drain. By decreasing the resistor value we increase 
the oscillation speed because it takes less time to fill 
and drain the capacitor. 


Exercise: Create an Annoying Sound Output 

A quick definition. Hertz: Hertz is a measurement of 
frequency, specifically defined as a measure of beats 
per second. For example, a system oscillating at 512 
beats per second is more easily stated as 512 hertz. 
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As you do the following changes, note your obser- 
vations in Table L27-3. Remember to detach power 
any time you make a change to your prototype on 
your breadboard. 


Table L27-3 Observations 


Resistor Capacitor 

Value AY Value C2 Description 
47M9 0.01 pF 

22 MQ 0.01 pF 

1L0MQ 0.01 pF 

470 KQ 0.01 pF 

220 kO 0.01 uF 

100 kQ 0.01 pF 

47KO 0.01 pF 500 Hz 


Now, one more change. Put your ear very close to the speaker. 
Listen for the quiet tone. 


22 kQ 0.01 uF 1,000 Hz 


Annoying but very quiet right now because the 
4011 IC does not produce very much power at the 
output. So the volume is not much at all. But Figure 
L27-2 offers hope. 


» 


You want volume? ¢ OK! 


But I'st, a good oscillator deserves an oscilloscope. 
The Lesson after that, 
You Will Learn How To 


Amplify That Output 


Figure L27-2 o 
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Lesson 28: Introducing the 
Oscilloscope 


This lesson does the following: 


e Introduces one of the most important tools in 
electronics 


e Introduces you to the concept of what any 
oscilloscope can do 


e Shows you how to build a probe if you need 
to use Winscope 2.51 


e Acts as an introduction to using Winscope 


If you have an oscilloscope sitting on your desk at 
home, you are unique. If you have access to an oscil- 
loscope, you are special. 


Otherwise, you will use a freeware program called 
Winscope 2.51. You can download it from the Web 
site www.books.megraw-hill.com/authors/cutcher 
or from http://polly.phys.msu.su/~zeld/oscill.html. It 
was created by Professor Alexei Khokhlov, head of 
Department of Physical Chemistry of Polymers at 
Moscow State University. 

Think of Winscope as a special “skin” for your 
sound card. Different skins allow for different 
adjustable visual effects that show on your monitor as 
music plays. Winscope takes this idea forward a step. 
The Winscope skin reacts to the internal signals as 
well as “microphone” or “line” inputs to your sound 
card. 


Disclaimer 


Safety measures when using oscilloscope and the 
oscilloscope probe. 


Your scope probe is designed to be used only with 
your 9-volt systems. You should test it before you use 
it. Instructions are given in this lesson. 


Being software, Winscope itself cannot damage 
your hardware, but it is very easy to burn out at least 
your sound card when trying to investigate signals of 
unknown amplitude and DC offset. 

So, you must always be extremely careful when 
establishing an electrical connection between your 
computer and external equipment. It is a good prac- 


tice to use a conventional multimeter or real oscillo- 
scope to find out whether signal levels are acceptable 
for your sound card. 

Regarding connecting to things besides circuits 
produced in this book, it is safe to connect to any 
audio/video equipment using standard line in jacks 
and cables. You may consider at least using the Scope 
Probe. Otherwise use an old tape recorder, amplifier, 
or turntable as a buffer device between your sound 
card and nonstandard signal source. This can save 
your computer in case of a poorly grounded, unstable 
signal source, as well as allow you to control signal 
level manually before it reaches the sound card. 


To avoid personal injury, always follow the usual 
safety rules when working with electric circuits. 


WINSCOPE IS SUPPLIED TO YOU AS IS, 
AND IN NO CASE THE AUTHOR OF WIN- 
SCOPE OR THE ASSOCIATED PROBE IS 
RESPONSIBLE FOR PERSONAL INJURY, 
HARDWARE AND/OR DATA DAMAGE, PROP- 
ERTY DAMAGE OR PROFIT LOSS ARISING 
FROM USE OR INABILITY TO USE THE 
OSCILLOSCOPE. 


THE AUTHOR/DESIGNER DOES NOT 
GUARANTEE THE FITNESS OF WINSCOPE 
FOR ANY PARTICULAR PURPOSE. WIN- 
SCOPE IS NOT INTENDED FOR INDUSTRIAL 
OR COMMERCIAL USE. 


IN GENERAL, USE WINSCOPE AND THE 
ASSOCIATED PROBE AT YOUR OWN RISK. 
ALWAYS CONSULT YOUR SOUND CARD 
MANUAL FOR DETAILS ON CONNECTING 
TO EXTERNAL DEVICES. 


In the real world, we expect thal as price increases, 
complexity and quality should increase. Winscope, 
however, is priceless. It still includes all of the major 
functions common to all oscilloscopes. Its quality is 
adequate for our immediate needs. One of its limita- 
tions is that it ignores stable DC voltage. But it does 
respond to changing voltages in the audio frequen- 
cies, 40 Hz to 15,000 Hz. Its biggest advantage is the 
price. 

Oscilloscopes come in all shapes, sizes, and price 
ranges. A new scope for $500 will be barely adequate 
for beginners. $2,000 is not unreasonable for a good 
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quality scope for the classroom. Reconditioned 
equipment is an option frequently overlooked. Such 
equipment that was “top of the line” for industry 20 
years ago can be purchased at reasonable cost. These 
older tools give quality outputs comparable to equip- 
ment that would cost over $20,000 new. 


Oscilloscopes are used to give instant visualization 
of voltage compared to time. The oscilloscope has 
clips to connect to the signal, and displays a graph of 
the voltage represented on the y axis (vertical) and 
time shown across the screen horizontally as the x 
axis. You are able to adjust both the voltage (vertical) 
and time (horizontal) scales. 

Your DMM can measure voltage. A multimeter 
displays the voltage al a given moment. You can 
measure slow voltage changes from your DMM. 


F Oscilloscope 2.51 File Edit Options Help 


The oscilloscope specifically makes a visual pic- 
ture of voltage changes that we could not otherwise 
see because they happen too quickly. A good scope 
can display voltage changes that occur in the mega- 
hertz range. 

The oscilloscope display can be thought of as a 
graph: 


e The y axis representing voltage 
e The x axis representing time 
If the x axis is set to 0.001 second per division, 1 


millisecond, the entire screen represents events that 
occur in a hundredth of a second. 


Figure L.28-1 shows the Winscope screen. 


“| =] =| | Gain 


Figure L28-I 


Building the Scope Probe 


If you already have access to an oscilloscope, you 
don’t need to build a scope probe. It is a piece of 
equipment that you need to be able to test your own 
circuits using Winscope 2.51 on your computer. 


Section Seven 


-| -| | | Sweep Stel Pally 

-88 - v1 - - = 
- 2 | 2 He -E8 - 

_| le E 

Y1 yz Pos 


T delayTrg 


What the Probe Does 

The probe takes any signal in your circuit, cuts out all 
but 1/11, using a simple voltage divider, and feeds 
that remaining fraction to your sound card. Your 
sound card feeds this signal to the Winscope soft- 
ware, which interprets this signal and displays it on 
your screen. 
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Keep in mind that any sound card cannot accept 
more than 2 volts. Anything more than 2 volts will 
cause damage to your sound card. So if your output is 
9 volts, only .8 volts is fed to your sound card. 

There are three sections to the probe as shown in 
Figure L28-2. 


10000 


Black Clip 


Plug to 
Sound Card 


Figure L28-2 


A more detailed set of photographs is available on 
the Web site www.books.mcgraw-hill.com/authors/ 
cutcher. 


The Connecting Clips 


1. You need to have at least a 3-foot length of 
speaker cord. Carefully remove 1 inch of 
insulation from both ends. 


2. Mark one of the lines on both ends to identify 
it as the same line on both sides. Use this line 
for ground. 


3. Disassemble the clips and slide the covers 
onto the wire. 


4. ‘Twist the end of each wire strand and push 
this strand through the hole at the base of the 
clip as shown in detail in Figure L28-3. 


Figure L28-3 
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5. Lay the insulation into the saddle and use pli- 
ers to crimp the two sides of the saddle over 
the insulation. This physically holds the clip to 
the wire. 


6. Now solder the wire strand at the bottom and 
clip the extra wire away. You should have 
something similar to Figure L28-4 now. 


Figure L28-4 


7. Slide the covers over the back of the clips. 
This is done easily if the jaws are clamped 
open onto something large. 


That should finish the clips. 


The Voltage Divider 


The voltage divider is the heart of the probe. It is not 
a regular connector, but decreases the input voltage 
by a factor of 1:11. 

Assembling the voltage divider for the scope 
probe requires the following: 


1. Cut the dual cord 6 inches from the end oppo- 
site the clips. 


2. Strip at least 1/4 inch (0.5 cm) of insulation off 
four ends. 


3. Mark the both sides of the ground line. This is 
the one connected to the black clip. 


4, Figure L28-5 displays how to wrap the wire 
around the resistor leg before soldering. This 
is not critical, but it is very effective. 


Figure L28-5 
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5. Slide skinny heat shrink tubing onto each line 
before you solder. The heat shrink tubing is 
easier to use than tape. The layout is shown 
here in Figure L28-6. 


Ny 


Heat Shrink ‘Tubing en 
| ¥ 1000.0 


Figure L28-6 


6. Move the heat shrink tubing away from the 
heat of the soldering area until you are ready 
to shrink it into place. Test your parts place- 
ment immediately after you finish your sol- 
dering. 


Use the schematic diagram in Figure L28-7 as 
a guide to check that your scope probe is set 
up properly (see Table L28-1). 


10000 


plug tip 


black: 1000 


ground plug base 


Figure L28-7 


Table L28-1 


Probe Values 


Then you can move the heat shrink tubing 
into place as displayed in Figure L28-8. 


Figure L28-8 


7. You can shrink the tubing by either using a 
hair dryer on its hottest setting or by caressing 
it with the hot solder pen. 


8. Then slide the wider piece of heat shrink tub- 
ing over your voltage divider. Shrink that into 
place over the other heat shrink joints. 


DONE. 


The Jack 


Connecting the plug is the same as connecting the 
alligator clips. 


Remember to slide the heat shrink tubing onto the 
wire first. 


1. Clamp and solder the ground wire to the long 
stem shown in Figure L28-9. The long stem is 
connected to the base, the lowest part of the 
plug. Now slide the heat shrink tubing over 
the ground line connection. Make sure there 
are no stray wires. 


Red clip to plug tip LkQ 
Plug tip to plug base 100 Q 
Ground line to plug tip 100 Q 
Signal to ground 1.1 KQ Figure 128-9 
Ground to plug base 02 
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2. Lead the signal line between both of the other certain advantages. You get a great response with 
leads. We are going to have only one signal dogs howling at 1,000 Hz. It “hertz” their ears. 
feed to the sound card, so both tabs will be 
connected. Solder that line to both tabs. There 
is no need to cover the last connection with 


So, right now you have a very quiet alarm. The 
output from the 4011 NAND gate provides a very 
small amount of power. It is enough to turn on an 


heat shrink. aint os 
LED. You have already found it is definitely not 
3. Slide the cover back down and screw it over enough power to give even a small speaker any vol- 
the back; ume. But it provides plenty of power to turn on a 
‘ i à transistor. 
Again, test it before you try it out. A wrong con- 
nection here can be disastrous. 
You will use the scope probe in Lesson 29. Modifying the Circuit 


Make the modification shown in Figure L29-1. Be 
sure to insert the PNP 3906 transistor the right way. 


Lesson 29: Using a aa 

. , Why use the PNP 3906 transistor? Think . . . when 
Tra nsistor to A m pl ify the system is at rest, pin 10 is high. The two opposing 
the Output voltages stopped any movement of current, and that’s 
why the LED stayed off. Figure L29-2 shows how this 
action is used to our advantage. A high output keeps 
the voltage from moving through the transistor. 
The 3906 is turned off. This way, you don’t drain the 
battery. 


Transistors are a natural choice as amplifiers. Their 
action and application are explained. Fither transis- 
tor would work, but the PNP is used because it offers 


Figure L29-1 


OVE V+ 


Hi Hi 


Figure L29-2 
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But when pin 10 goes low, the transistor turns on 
and the following happens. 


1. This allows much more voltage and current to 
pass through. 


2. That results in more power passing through 
the speaker coil. 


3. The greater power produces more electro- 
magnetic force in the coil. 


4, That produces more movement of the coil and 
cone, producing a louder output. 


If you chose to use the NPN 3904 transistor, here’s 
what happens. While at rest, the high output from pin 
10 would keep the current flowing from voltage 
directly through the speaker coil to ground. This is 
shown in Figure L29-3, 
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Vt 


Figure L29-3 


This would quickly drain the battery and annoy 
you. 

How much better not to drain the battery quickly 
and go annoy some other people now. 
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Digital Logic Design 


Wouldn’t it be easier for projects just to give you a 
circuit board, tell you where you have to put the 
parts, and then solder them in? In fact, that’s a great 
plan if your career goal is to be a solder jockey in a 
Third World country. However, that career opportu- 
nity is vanishing as such workers are being replaced 
by robots. 


Lesson 30: System 
Design 


Every system has three parts: Input, processor, out- 
pul. You need to look at a range of options that you 


can mix and match in each section before you design 
your own system, 


Inputs 


There are four main areas (see Table 30-1) to 
explore in designing your own project. 


Table L30-1 Four main areas 


Processor 

Input RCI RC2 Output 

Contact Turn On/ No Low Power 

Switches Timed Off Oscillation LEDs 
Music Chip 

Light Time On Oscillation 

Detector Delay Rate 

Dark Touch Off Amplified 

Detector Power 

Touch/ Turn Off/ Buzzer 

Moisture Time On Speaker 
Motors 
Relays 


u m m oe ee oe se = e m m s 


Contact Switches 


Any of the contact mechanisms shown can be substi- 
tuted for the push button shown in the schematic of 
Figure L30-1. The value of R1 should be 100 KQ. 


Figure L30-1 


You do have the regular push button available 
shown in Figure L30-2. Aside from being boring, it is 
hard to rig these buttons to turn on with anything 
other than a push of the finger. 


Figure L30-2 


Then there is the motion detector, displayed in 
Figure L30-3. These can be made by balancing a 
weight on the end of a spring. Almost any metal 
weight will do, but a tapered screw is most easily 
attached. The best springs for this purpose are inside 
retractable pens. But you can’t solder to spring steel. 
For the weight, turn the screw into the spring until it 
catches. For the bottom, wrap a piece of copper wire 
around the base. Solder the wire to the PCB. This 
style of switch can be made to be surprisingly 
sensitive, 


Figure L30-3 


Turn the spring mechanism upside down. This pen- 
dulum setup shown in Figure L30-4 is not nearly as 
sensitive as the upright spring, but it uses the same 
concept. 


Figure L30-4 


‘Two springs can be attached to a nonmetal sup- 
port. They can pass over a metal contact bar as 
demonstrated in Figure L30-5. 

Either the spring support or the metal bar can 
slide. This is the perfect setup for doors or drawers. 

Microswitches are exactly that. They are very 
small. They are readily available for free. Any broken 
mouse provides two of them. If you go out and try to 


Figure L30-5 


purchase these new, they will cost upward of $4 each. 
Each switch has three contacts. Look closely at the 
photo in Figure L30-6. One is the common. Depend- 
ing on your choice, this switch can act as a normally 
open or normally closed push button. 


| 
iM 


A coin-activated switch is a bit trickier to make. 
Vending machines often use a lever on a microswitch. 
The coin pushes the lever down, which in turn pushes 
the contact switch down. A simpler device is shown in 
Figure L30-7. 


Figure L30-6 


Metal cote HA FTB 


BRATS 


It works and is simple to build. Mount the two 
sides onto a simple wooden or plastic base. 
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Light-Dependent Resistor 


Light Detector 


The LDR is the base of this light sensitive switch. The 
circuit shown in Figure L30-8 will become active 
when it is exposed to light. 


9y%+ 


R1 
39K 


Figure L30-8 


Unwanted light may turn it on rather than the 
event you intended. If the LDR is to be used ina 
generally well-lit area, it is best to use a cowling, as 
shown in Figure L30-9. 


Figure L30-9 


Depending on the light source, it might be neces- 
sary to use a lens to concentrate the light source onto 
the LDR. This is demonstrated in Figure L30-10. 


-o 


A 


Figure L30410 
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Just remember that a lens works only with a preset 
light source and won’t successfully focus generalized 
light. 


Dark Detector 


The circuit shown in Figure L30-11 is identical to 
L30-8, except that the two components have traded 


places. 


9V+ 


IIK 


Figure 130-11 


With the reversing of the LDR and 39-kilo-ohm 
resistor, the voltage divider is reversed as well. A 
cowling as shown in Figure L30-9 is even more 
important here. The circuit stays at rest as long as a 
steady light falls on the LDR. If you want to use a 
steady light source such as a laser pointer, the cowl- 
ing guarantees the circuit will react to the breaking of 
that one light source. 


The best source for light over a long distance is the 
laser pen. Using mirrors, the beam can even travel 
around corners. The system is shown in Figure 
L30-12. A laser pen can be powered with a wall 


Dark Detector: If the beam 


| is broken, the circuit starts. | 
a 


> > 


Figure L30-l2 0 
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adapter matched to the same power rating as the bat- 
teries that normally power it. Every cell inside a laser 
pen has 1.5 volts. For example, if it has three cells, you 
need to find a wall adapter that provides 4.5 volts. 


The beam here is shone from inside a window, and 
travels around the outside of the house. A speaker in 
both next-door neighbors’ homes was set off for 10 
seconds at 1,000 Hz. The system was able to be keyed 
off outside by the owner. 


Caution: Be careful. Many laser pens claim to 
meet safety specification, but really can damage your 
eyes if you are exposed over a period of time. 


Touch Switch 


The schematic shown in Figure L30-13 works as a 
touch switch. This setup will also work with water 
spills. All it needs is two bare wires close together, but 
not touching. . 


Figure L30-13 


A very clean, professional-looking touch sensitive 
switch can be made by connecting the wires to the 
underside of broad-headed pins or thumb tacks 
pushed through black plastic. These are displayed in 
Figure L30-14. 
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Figure L30-14 


Processors 


Possibilities for the First 
Resistor/Capacitor Circuit—RCl 
Figure L30-15 shows the basic RCI setup. 


Figure L30-15 


The Table L30-2 is a rough guide for timing RC1. 
Remember that this is only a rough guide. It is not a 
precise time. 


Table L30-2 RCI timing 


R2 CI Time 
20 MQ 10 pF 120 
lOMQ 10 pF 60 
4.7MQ 10 pF 30 
20 MQ | pF 12 
10 MQ l pF 6 
4.7MQ i pF . 3 
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The schematic of Figure L30-16 shows how to 
manually speed up the timed off. Use pin heads for 
the touch switch. Your finger acts like a 1-megohm 
resistor. If R2 is 10 megohms, it will drain C1 ten 
times faster. Or you could use a PBNO to drain Cl 
instantly. 


Figure L30-16 


The next circuit is very similar. As you can see in 
Figure L30-17, the simple modification causes several 
changes. This alarm stays active until you turn it off. 
C1 keeps the inputs of the second gate high until you 
touch the points to drain Cl. Your finger is the only 
drain. A hidden touch point of two pinheads or a 
push button (normally open) is all that you need. Use 
a small capacitor at C1 (0.1 wF) and when you touch 
the pin heads, the alarm will appear to turn off 
instantly (about a half second). 


Figure L30-17 
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The schematic in Figure L30-18 is also impressive. 
It is a delayed time on. It can be used effectively in 
the light sensitive switches to slow down the trigger- 
ing speed. 


Figure L30-I8 


This modification can be used to delay the activa- 
tion of the circuit. It can be used to give you time to 
set the circuit in a car alarm, for example, and give 
you time to close the door. 

The value of the extra R must be af most a fifth 
the value of R2 to work because the Extra R and R2 
become a voltage divider. The input at pin 2 must rise 
clearly above the half-voltage mark. To give more 
time, use a larger capacitor. 

If you choose, you can remove C1 as shown in Fig- 
ure L30-19. This effectively destroys RC]. When the 
inputs are low at pins 12 and 13, the circuit is active. 
The circuit immediately turns off when the inputs 
go high. 


Figure L30-19 
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Timing and Modifications for the 
Second RC Circuit 


There is limited potential for modifying RC2, as you 
can see in Figure L30-20. Either it is there and gener- 
ating an oscillation at a preset frequency, or it is not 
there. 


Figure L30-20 


The Table L30-3 provides preset values for RC2 
that produce nearly specific frequencies. It is not a 
precise time. You won't be able to use it as a reliable 
pitch pipe for tuning. 


Reconnect 
14 Pins 1 & 2 


Figure L30-21 | 


RC2Remodvea 


Table L30-3 Values for RC2 


RY l C2 Frequency 
2.2 MQ 0.1 pF 1 Hz 
2MQ 0.1 pF 2 Hz 
470 KQ 0.1 pF 4 Hz 
220 kQ 0.1 pF 10 Hz 
100 kQ 0.1 pF *20 Hz 
47 KQ..1 0.1 pF 40 Hz 
22 KQ 0.1 pF 100 Hz 
1MQ 0.01 pF 20 Hz 
470 KQ 0.01 pF 40 Hz 
220 kQ 0.01 pF 100 Hz 
100 kQ 0.01 pF 200 Hz 
47KO 0.01 pF 400 Hz 
22 kQ 0.01 pF 1,000 Hz 
10 KQ 0.01 pF 2.000 Hz 
4.7kO 0.01 pF 4,000 Hz 
2.2 KQ 0.01 pF {0,000 Hz 


*The eye can’t distinguish flashing from continuous motion 
for anything faster than 24 frames per second. 


For certain applications, it is obvious that you want 
to remove RC2. No oscillating, please. For example, 
you don’t want to listen to the first phrase of “happy 
birthday t” (wait 2 seconds) “happy birthday t...” 
as your circuit works through a 2-second on, 2-second 
off cycle. Figure 130-21 shows two details necessary 
to disable RC2. 
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The first detail is to reconnect pins 1 and 2 
together. Second, remove R3, R4, and C2. Failure to 
do so will lead to confusion. 


Outputs 


Table L30-4 describes the output by comparing oscil- 
lation needs against power requirements. 


Table L30-4 Comparing oscillation needs 
against power requirements 


Low High Power 
Power Output 
Output Needs a Transistor 
Oscillating Slow Flashing Speaker for Alarm (1,000 Hz) 
LEDs Buzzer (slow pulse @ 1 Hz) 
Relay (slow pulse @ 1 Hz) 
Not Music Chip Car Alarm 
Oscillating Relay (no pulse) 
Low-Power DC Motor 
Low Power 


A low-powered output is good for only low-powered 
applications. 


LEDs 


The output of a 4011 chip can power more than 10 
LEDs, but not many more. Even so, there are two 
ways to wire these up: The right way and the wrong 
way. Figure L30-22 shows the right way to connect 
more than four LEDs. 


Multiple 
LED 
Output 


Figure L30-22 . 
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Music Chip 


Carefully remove a music chip from a greeting card. 
Don’t break any wires. Examine the music chip. 


e Tape the wires to the speaker in place. Don’t 
bend them. 


e Note the circuit’s connection to the “+” side 
of the battery. 


e Remove the battery from the music chip. 
Remove the small stainless steel battery 
holder, crimped in place. 


e Solder two wires, respectively, to the circuit’s 
+ and — battery connectors. 


e Connect the ground side to pin 10. 


e Connect the V+ side to voltage of your cir- 
cuit. 


e Ifthe sound is very scratchy, place 2 or 3 
LEDs in line with the music chip, as shown in 
Figure L30-23. The music chips run off 1.5 
volts. Too much voltage can keep them from 
working. The LEDs use up voltage, dropping 
it down to where the music chip can function 
properly. 


RC2Removea 


Figure L30-23 


High-Powered Outputs 


Buzzer 


A buzzer has different needs than a speaker for out- 

put. All a buzzer needs is voltage. It produces its own 
signal. If you want the buzzer to turn on and off, use a 
slow oscillation of 1 Hz. It will “beep” once a second, 
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on and off. A signal faster than 10 Hz will only con- 
fuse the buzzer and give muddled results at best. 
Figure L30-24 shows the setup. 


Figure L30-24 T 


An amplified output to a buzzer should oscillate at 
1 Hz. That can be created with RC2 values of R4 = 
2.2 megohms and C2 = 0.1 pF (see Table L10-3). 


Speakers 


Speakers need a signal to be heard. If you put only 
voltage to a speaker, you will hear a crackle as the 
voltage is turned on. Nothing more. The speaker 
needs a signal generated by RC2.A 1,000-Hz signal 
generated by using a 0.01-microfard capacitor and 
22-kilo-ohm resistor is a very noticeable sound. The 
PNP transistor shown in Figure L30-25 amplifies the 
strength of the signal. 


Figure 130-25 


Relays 


Relays allow us to use the 9-volt system to control 
power for another system. The on/off to the second 
system is connected through the relay. 


Relays can be used in a variety of places. Best used 
in the following: 


e Car alarms. A slowly pulsed relay connected 
to a squawker creates a sound unique from all 
the other car alarms we’ve come to ignore. 


è Control the power to 120-volt circuit. This can 
be used for Christmas lights. The sun goes 
down; the lights automatically come on. 


e Nonoscillating toy motor circuits, instead of 
direct connection to pin 10. The best results 
happen here when the motor uses a separate 
power supply and won't work off 9 volts. 


This option presents easy rewiring, The on/off 
power to the motor is routed through the relay. 

Here is a quick explanation of how a relay works. 
As the current flows toward ground, a magnetic field 
expands, creating an clectromagnet that closes a 
switch. The diode shown in Figure L30-26 is vital 
because there is a close relationship between electric 
current and magnetism. When the electricity is turned 
off, the collapsing magnetic field actually pushes the 
current backward. The reversed diode across the 
relay helps to control the backward surge of voltage 


V Outside 
OVA | Source 


Figure L30-26 
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pressure and current created by the collapsing elec- 
tromagnetic field. If it is not in place, the transistor 
will quickly burn out. 


Motor 


Depending on your needs, a small motor might work 
directly connected to a transistor as shown in Figure 
L30-27. The best motors for this purpose are the 
miniature vibrator motors made for cell phones. 
These can be purchased through electronics surplus 
suppliers found on the Internet. 


Figure L30-27 


For most small motors, a relay would provide 
much better results. 


Electric motors use electricity and also generate 
electricity. 


Try this with the motor outside of the circuit, if you 
are interested. 


Connect the DMM across the motor leads and 
spin the shaft: First one way, then the other. The 
motor also uses current and magnetic fields to create 
movement. 


i| Pawn 
IH 


Figure L30-29 
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The reversed diode across the smal] motor helps 
to control the backward pressure of the extra voltage 
created by the motor. If it is not in place, the transis- 
tor would quickly burn out. 


Examples 


Each of the systems shown were conceived and 
designed by people just learning electronics. 


A Pop Can Motion Detector 

The weight on a spring input was “tuned” so pre- 
cisely. It would start as someone walked by the table 
that it was on. By the time they stopped and turned 
around to look where the noise was coming from, it 
would stop. All they would see was normal looking 
junk on the table. 


The pop had been removed via a hole in the bot- 
tom. The rim on the top had been sanded down so 
the lid was removed intact. A picture is shown in 
Figure L30-28. The related schematic is displayed in 
Figure L30-29 (see also Table L30-5). 


Figure L30-28 
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Table L30-5 
The Gassy Cow 


Input Processor Output This is definitely a young man’s idea of fun. An MPG 
Motonddieaor RCI = 5s Speaker (amplified) file on the Web site way HOOKS mogra MiKcom 
RC2 = 1,000 Hz /authors/cutcher shows the real action of this fun toy. 


Words simply don’t do it justice. A picture is shown in 
Figure L30-30. The related schematic is displayed in 
Figure 30-31 (Table L30-6). 


Figure 130-30 


Figure 130-31 


Table L30-6 Related to schematic displayed in 


Figure 130-3! Shadow Racer 
An MPG file on the Web site www.books.mcgraw- 
Input Processor Output hill.com/authors/cutcher shows the action of this race 
Light RCI = Instant Speaker car. Wave your hand over the top and away it goes. It 
Detector On/Off (amplified) has an on/off switch; otherwise, it would be wanting 
RC2 = 80 Hz 


to go all night. A picture is shown in Figure 130-32. 


eo eee 


The related schematic is displayed in Figure L30-33 
(Table L30-7). 
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Figure L30-32 


Figure L30-33 


Table L30-7 Related to schematic displayed in 
Figure L30-33 


Input Processor Output 


RCI = 10s Small Motor 
RC2 = Disabled 


Dark Detector 


Jiggle Me Teddy 


This one proves that other familiar toys are no great 
works of genius, just great works of marketing, A pic- 
ture is shown in Figure L30-34. The special motor 
setup for creating the jiggle is shown in Figure 
L30-35. The related schematic is displayed in Figure 
130-36 (see Table 130-8). 
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Figure L30-34 
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Figure L30-35, 


Figure L30-36 


Table L30-8 Related to schematic displayed in 
Figure L30-36 


Input Processor Output 
Motion detector RCI = 10s Motor with 
RC2 = Disabled eccentric 


There are two film canisters inside the Teddy Bear. 
The motion detector is a spring in a loop. The motor 
has a weight soldered onto its shaft. Both are sealed 
inside film canisters that keep them from getting 
caught up in the stuffing. 


Supercheap Keyboard © 
This is a particularly challenging application. An 
MPG demonstration is given on the Web site 
www.books.mcgraw-hill.com/authors/cutcher. 

The initial input is a touch switch, just to make the 
circuit active. 
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The second input changes the value of R4 in RC2. 
That changes the output frequency, RC2 is given sta- 
bility by having a 20-megohm resistor connected. A 
picture is shown in Figure L30-37. The related 
schematic is displayed in Figure L30-38 (Table 
L30-9), 


Figure L30-37 
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Figure L30-38 


Table L30-9 Related to schematic displayed in 
Figure L30-38 


Input Processor Output 
Touch Switch RCI = Instant Speaker 
and push On/Off amplified 
buttons (RC2) 

RC2 = Various 

C2 =0.01 pF 

R4 = Various 
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Heartthrob Teddy 


Even though this is a basic application, it is worth 
mentioning that as a child’s toy, it is still a favorite. 
Kiss the bear on his nose and his heart throbs. A pic- Figure L30-39 
ture is shown in Figure L30-39. The related schematic 

is displayed in Figure L30-40 (Table L30-10). 


Figure L30-40 
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Table L30-10 Related to schematic displayed in 
Figure 130-40 


Input _ Processor Output 
Touch switch 
(pin heads on nose) RCi = 10s LEDs 


RC2 = 2 flashes/second 


Lesson 31: Consider What 
Is Realistic 


Completing this project should take no more than a 
few hours of applied time. 


Designing the Enclosure 


Use what is available around you. Consider the proj- 
ects shown as examples. None of them required the 
students to “build” the enclosure. Each of these appli- 
cations was designed with the idea of putting the cir- 
cuit into Something premade. 


KISS 


Remember the KISS principle. Keep It Simple Stu- 
dents! Is your initial design realistic? 

Can this circuit do what you imagine it can? It is 
not a clock! It is not a radio! If you want to have two 
different outputs, this system is severely limited. You 
could have a buzzer pulsing and an LED flashing eas- 
ily, but it becomes too complex to have the circuit 
control a music chip and a motor at the same time. 

Keep It Simple Stupid Students! This is an applica- 
tion of your learning. 


Parts, Parts, Parts 


What parts are available to you? 


If you purchased the kit through www.abra- 
electronics.com, you have what you need for the 
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basic application, including the transistor. If you live 
in a larger center, there is probably an electronics 
components supplier in your city. Look in the yellow 
pages. If you don’t have a supplier in town, find and 
order your components over the Internet. An excel- 
lent source, reasonably priced, is www.abra- 
electronics.com/. 


The Level of Difficulty 


Consider what is realistic when designing and build- 
ing your project. 

A simple idea applied with imagination will better 
impress people than a complex idea never finished. 

What is a “counterproductive” design? 

A motion detector in a toy car. It starts when you 
jiggle it, and keeps going because it jiggles itself. It is 
like a screen door on a submarine. It helps keep the 
fish out. 

If you find the material fairly easy, create a simple 
project now so you can keep moving. 


If you find the material difficult, create a simple 
project now so you won’t get bogged down here and 
can keep moving through the course. 


Time 


Real limitations have to be balanced against time 


available. 
There are two general things I have found in life. 


Most people are always in such a rush. Do this! I 
gotta do that! 


There is never enough time to do it right, but there 
is always time to do it over. 


Note Regarding the LDR 


Many items that use an LDR need an on/off switch. 
Think of your little brother or sister. Time for bed. 
Lights out; the doll’s eyes just keep flashing. 


Or you can just keep the lights on at night. 
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E f Enclosure considerations need to meet certain 
3 ety standards so you don’t accidentally have 120 volts to 


the enclosure. 
What if I want to use a relay to switch on a 120-volt 


AC circuit? 

Your first and only answer is this. Who do you 
know that is comfortable working with 120 volts? 
Get their help. 


Soldering considerations for 120 volts. You can 
have messy soldering for a 9-volt system and have it 
work fine, or not work. That’s still safe. 


Refer to Figure L31-1 to have you keep in mind 
that you cannot have messy soldering for 120 volts. It 


If you don't have direct, hands-on help, use the may spark, start a fire, or simply electrocute you. 


relay to switch a smaller voltage, perhaps another 12- 
volt or 9-volt source to run a smaller version of your 
intended output. 

Safety first! 

You need to have a proper relay and enclosure for 
the 120 volts. If you want the circuit to control 120 
volts, then the circuit must also be mounted properly. 
The PCB can be mounted properly in an enclosure. 


Figure L31-1 
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Section Nine 


Digital Logic Application 


Here you get to solder your parts onto the printed 
circuit board. Yes, the same PCB is being used for all 
of the many different applications. The processor is 
essentially the same. You have developed an applica- 
tion by defining and designing different inputs and 
outputs. You also have to find a reasonable enclosure 
to use for your defined application. 


Lesson 32: Building 
Your Project 


This lesson deals with parts placement. Close atten- 
tion is paid to the different variations of inputs, 
processors, and outputs, Figure L32-1 shows the bot- 
tom view of the printed circuit board. Figure L32-2 
shows the same PCB from the top view. Note that the 
voltage and ground lines have been displayed with 
different textures. 


view of bottom 


Figure 132-1 


view from top Voltage mm Gnd ===: 
Figure L32-2 | 

The parts placement shown in Figure L32-3 is for a 
standard application with low-power output. Note 


that the chip seat is soldered into the PCB. The 4011 
can be inserted and removed as needed. 


led1 led2 


contact 
switch 


low power parts placement 


Figure L32-3 
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Parts are shown in place for high-powered output 
in Figure L32-4. Again, this is a standard application 
for the high-power output. 


contact 
switch 


Figure L32-4 


Inputs: Variations and Parts 
Placement 


A close look at Figure L32-5 reveals the small differ- 
ence in parts placement between the light detector 


and the dark detector. Use the same pads for hooking 


up the touch switch as shown in Figure L32-6. 


“Dark Detector 


Light Detector 


Figure L32-5 


Touch Switch Inputs 


out\to|pin heads 


Figure L32-6 


RCI: Variations, Timing, and Parts 
Placement 


Remember that this is only a rough guide. It is nota 
precise timer (see Table L32-1). 


Table L32-1 Rough guide 


Resistor Capacitor Time Output 
20 MQ. 10 pF 120s 
10 MQ 10 pF 60s 
4.7MQ 10 pF 30s 
20 MQ | uF 12s 
10 MQ 1 pF 6s 
4.7MQ 1 pF 3s 


If you want to add the ability to adjust the timed- 
off setting manually, Figure L32-7 shows where to 
connect the wires that would lead to the contact 
points that you would touch. 


LESSEN 
To Rin/Heads 
l / Touch Off 


Figure 132-7 s 
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RCe2 Variation and Timing 


Remember that this is only a rough guide (see Table 
L32-2). The 4011 oscillator is not a precise timer. 


Table L32-2 Rough guide* 


Resistor Capacitor Time Output 
2.2 MO pF 1 Hz 
1MQ pF 2 Hz 
470 KQ ipf 4 Hz 
220 KQ LF 10 Hz 
100 kQ uF 20 Hz* 
ATKO 0.1 uF 40 Hz 
22 KQ 0.1 pF 100 Hz 
1MQ 0.01 uF 20 Hz* 
470 KQ 0.01 uF 40 Hz 
220 KQ 0.01 pF 100 Hz 
100 kQ 0.01 pF 200 Hz 
47KO 0.01 pF 400 Hz 
2kO 0.01 pF 1,000 Hz 
10kQ 0.01 pF 2,000 Hz 
4.7 kQ 0.01 pF 4,000 Hz 
2.2 KQ 0.01 pF 10,000 Hz 


-i m m ye 


*The eye sees continuous action for anything faster than 24 
Hz. 
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The most common option that people want, how- 
ever, is to disable RC2. The most effective way to 
reconnect pin | and pin 2 is displayed in Figure 
132-8. 


Pins 1 & 2 are 
reconnected 
bythis-wire. 


Disabled RC2 


Figure L32-8 


If at first your circuit does not work, then it is time 
to do some troubleshooting. Refer back to Lesson 24. 
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Remember that the intention of this course is your 
understanding of electronics. The best way to under- 
stand electronics is by thinking of electronics as “sys- 
tems.” This unit focuses on introducing you to several 
new processors and new ways to use familiar compo- 
nents. The systems you can develop here are more 
complex than before. An entire system might have a 
single input or multiple settings, and there might be 
multiple processors combined with multiple outputs. 
Each component will be introduced in relation to the 
system (see Table PIII-1). 


Table PIHI-1 Parts list for Part Ii! 


Type = Description = Ay 
Hardware 24-pa wire, solid core assorted 1 
Semi (z) 5.1 z 1N4133 1 
Semi (q) NPN 3904 1 
Semi (L) LEDs 15 
Semi (L) Seven-seg CC 0.56" 1 
Semi (d) 1N4005 5 
R 100 Q 1 
R 4700 15 
R 1,000 Q 1 
R 22,000 Q 1 
R 47,000 Q 1 
R 100,000 Q 15 
R 220,000 Q 1 
R 470,000 Q 1 
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Hardware (sw) 
Hardware 
Hardware 
Hardware 


Hardware 


Cap 
Cap 


Cap 


Description 
1,000,000 Q 
2,200,000 Q 
10,000,000 Q 


20,000,000 22 


Oscillate input PCB 
Dual RC input 4011 PCB 
4046 + Timed Off PCB 


Seven-seg display PCB 


4017 PCB 


4011 
4017 
4046 
4511 


4516 


PB NO 

Battery clip 
LED collars set 
Socket 14-pin 


Socket 16-pin 


0.1 uF disk 
1 pF radial 15 v 


22 uF radial 15 v 


Aty 


3 
1 
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Introducing an 
Analog-to-Digital Converter 


ys 
Lesson 33: Introducing g O0O0@Ħ0OO0O 


Possibilities —Electronics ans 
That Count Figure L33-1 
Here is a preview of some of the fun possibilities that The DigiDice shown in Figure L33-1 is the basic 


can be designed with the knowledge you will learn in system that you will build as a prototype before you 


Part II. You also get a reminder regarding the care begin to design your own application. 


and feeding of your CMOS ICs. y ; : 
Here a varying analog voltage input is changed 


into a random number generator (see Table L33-1). 


Table L33-1 Random number generator 


Input Processor Output 
Push button L. Roll down (4046 IC) controlling 2 and 3 1. Fast cycling through 6 LEDs. 
2. Walking ring 6 LEDs (4017 1C) 2. Fast cycling through numbers 0 through 9 shown on 
3. Decimal-counting binary (4510 IC) the number display. 
4. Binary-counting decimal (4511 IC) 3. Cycling slows steadily to a completely unpredictable 
Seven-segment display stop. 


4, Displays of both fade about 20 s after the cycling 
stops, and the system waits to be triggered again. 


=n m m ee eee ree 


There are thousands of applications and toys that 
can be developed from these components. You’ve 
certainly seen some of these at the mall or casino. 
There are simple fortune tellers, lottery number gen- 


erators, light chasers, animated signs, slot machines, 
and many more. You might have even spent some 
money on them. Ideas are explored in further depth 
in Lesson 43. 


N Sg 

Your focus should be understanding how the com- = "a 
ERLE 
edna 


ponents can relate to each other much as smaller 
pieces shown in Figure L33-2 relate to larger struc- 
tures and models they are used to build. 


PEJ 3 zr 
Prat 


) 
boone Figure L33-2. 

Each part is a piece of the larger unit, and each a 
unit can be a piece of the larger system. 
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Safety First, Last, Always 


From the CMOS Cookbook by Don Lancaster, 
page 50. 


“New CMOS ICs from a reliable source are almost 
always good and, with a little common-sense 
handling, practically indestructible. Possibly you will 
get two bad circuits per hundred from a quality 
distributor, maybe a few more from secondary 
sources unless you are buying obvious garbage. In 
general. the ICs are the most reltable part of your 


circuit and the hardest part to damage. 

“If your CMOS circuit doesn’t work, chances are it is 

your fault and not the IC’s. Typical problems include 

1. Forgetting to tie down inputs 

2. Forgetting to debounce and sharpen input clock- 
ing signals 

3. Getting the supplies connected wrong, totally 
unbypassed, or backward 

4. Putting the ICs in upside down 


5. Doing a PCB layout topside and reversing all the 


connections 

6. Missing or loosening a pin ona socket or bending 
a pin over 

7. Misreading a resistor (have you ever noticed the 
color-code similarity between a 15-ohm resistor 


and a 1-megohin resistor?) 


And of course, causing solder splashes and hairline 


opens and shorts on a printed circuit board, 


“The key rule is this: Always BLAME YOURSELF 
FIRST and the ICs LAST. Always assume that there 
is something incredibly wrong with your circuits 
when you first power them up. You'll be right almost 
every time. In fact, if things seem to work perfectly 
on the first try, this may mean that the real surprises 
are hiding, waiting to get you later or when it is 
more expensive to correct them. Anything that ‘has’ 
to be correct is usually the mistake. And what seems 
like ‘impossible behavior’ is really the poor IC trying 
its best to do a good job. With a little help and the 


right attitude you can help the ICs along.” 


Remember: What seems like impossible outputs 
really are impossible outputs. 
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Lesson 34: RCI—Creating 
the Switch 


Here you are introduced to the zener diode, used 
inside an RC circuit. It modifies the input to the 
4046 IC. 


The switch for this circuit is an RC that provides 
voltage from 4 volts to 0 volts as the resistor/ 
capacitor circuit drains. But doesn’t my battery pro- 
vide 9 volts? How do I get 4 volts? For this task, you 
will use a zener diode. Three common types of diodes 
are displayed in Figure L34-1 (Table L34-1). 


ame = zener diode 
2 T signal diode 


power diode 


Figure 134-1 


Table L34-1 Common types of diodes 


One-way valve used as counterflow 
lane during rush hour. It is for light 
traffic. 


Zener diode (bottom) 


Signal diode (middle) One-way valve to handle light traffic 


(smooth l-lane unpaved road). 


One-way valve able to handle large 
traffic demands (4-lane highway). 
Marked as 1N400# 


= am e e e eee 


Power diode (top) 


A zener diode allows for two-way traffic, but only 
if there is enough voltage pressing backward. Here’s 
what that means. When voltage is applied to the posi- 
tive side (anode) of the zener diode, all the voltage 
passes through. This is shown in the left side of Figure 
L34-2. 
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Vt | Vt 
i 
“= © = 
| Vt-5.1v 
Figure L3U-2 


But on the right side of Figure L34-2 the voltage is 
applied to the negative side (cathode) of the zener. In 
that situation only a predetermined amount is 
blocked. That is called the zener diode’s breakdown 
voltage. Simply put, that is when the diode’s proper- 
ties break down. The zener diode we are using has a 
breakdown voltage rated at 5.1 volts. 


It is important to note that zener diodes are 
labeled the same way as other diodes, but they must 
be put in “backward.” So even though the black line 
still refers to the diode’s cathode, as shown in Figure 
134-3, a zener cathode is pointed toward the positive. 
Note the extra squiggle on the cathode bar that iden- 
tifies the diode as a zener. 


D 


LENT 
eg 


Figure 134-3 


Zener diodes are available in ranges of 2 to 20 
volts. 


It is very important to note that your power supply 
must be 7 volts or more. If you use a power diode as a 
“protection” device, it will drop voltage by nearly 
1 volt. And 7 volts minus 1 volt leaves 6 useful volts. 
Now the zener blocks 5 volts. Thus, 6 minus 5 volts 
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leaves 1 volt; 1 volt left to play with. You can’t do 


much with 1 volt. This is particularly a concern if you 
are using a 9-volt battery as your power source. 


Exercise: RCI—Creating the Switch 


1. You are going to measure the breakdown 
voltage of your zener diode. It is rated at 5.1 


volts. 


Figure L34-4 has two different setups for you. 


5.12 
Figure 134-4 


The voltage used by any component in a cir- 
cuit does not change because of its position in 
the circuit (see Table 134-2). 


Table L34-2 Two different setups 


For the Setup 
on the Left 


Total V from TPA to 
TPC = 


V used from TPA to 
TPB = 


Volts used across zener 


How accurate is the 
rating? 


For the Setup 
on the Right 


Total V from TPA to 
TPC = 


V used from TPA to 
TPB = 


Volts used across zener 


How accurate is the 
rating? 


-= m a oo 
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2. Now check out the actual effects of the zener 
diode (see Table L34-3). Figure L34-5 shows 
two circuits. Breadboard each separately and 
do the measurements. Note the LED in each. 


Table L34-3 Two different setups 


For the Setup 
on the Left 


TPA to TPD (voltage 
to ground) 


TPA to TPB 


TPB to TPC 


How much voltage is 
available to the LED at this 
point? 


TPC to TPD 


Describe the brightness of the 
LED compared to the next 
setup. 


Figure L3U-5 


For the Setup 
on the Right 


TPA to TPD 


TPA to TPB 


How much voltage is available 
to the LED at this point? 


TPB to TPC 


TPC to TPD 


Describe the brightness 
of the LED. 


Why is the LED different 
brightness than the previous 
setup? 


= pm m m m ee 


3. Define “breakdown” voltage. 


4. Ifa zener diode has a breakdown voltage of 
7.9 volts, how much voltage remains after the 
diode when V+ is 12 volts? 
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Breadboard This Circuit 


Build the circuit shown in Figure L34-6 on your 
breadboard (see Table L34-4). 


9V* 


D1 


Figure L3U-6 


Table L34-4 


Parts List 

PB Normally open push button 
D1, D2 Power diodes 

RI IOMO 

DZ 5.1 Zener diode 

C] 1 pF electrolytic 
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This is the switch that you will use for the larger 
system. But first, do some initial voltage testing at the 
output. Check for a few critical items. 


1. What is the peak voltage? 


N” 


How long does it take to drain to 0 volts? 

3. How sensitive is it? 

a. Is any voltage fed through if you touch 
across the bottom of the push button? 


b. Substitute an LDR into the spot for the 
push button. Anything? 


for the Evil Genius 


4. Change the values for R1 and C1. Does the 


RC act the way you would expect? 


5. Take the zener diode out. Replace it with a 


wire. Do the measurements again. What is the 


biggest effect that the zener has on this 


switch? 


Lesson 35: Introducing the 
4046 Voltage-Controlled 
Oscillator 


The 4046 chip takes the analog voltage from the RC 
switch and changes it directly into digital “clock” sig- 
nals (Table L35-1). It is the “analog-to-digital” con- 
verter. How does it count? Digitally! 0-1-0-1- 


0-1-0 


Table L35-1 System diagram of our application of the YOU6 IC 


Input 
Pin 9 fram RCI 


The rate of voltage drain is controlled by 
the value of RI and C1 (RCI). 

The voltage from RCI is moving from 
about 4 volts to ground. 


Processor 
VCO 


The VCO in the 4046 compares the input 
voltage at pin 9 to the supply voltage at 
pin 16. 

There is a direct relation between the 
input voltage and the speed of oscillation 
at pin 4, the output. 

The higher the input voltage, the faster 
the oscillation output. 


The maximum oscillation is controlled by 


R2 and C2 (RC2). 


Output 
Rolldown Clock Signal 


The length of the rolldown is controlled 
by RCI. 

The output starts quickly bul “rollsdown” 
to a complete stop. 

Definition: A clock signal is a rise from 0 v 
to V+ in less than 5 uS. 

(Lu = l micro = 0.000001) 
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The voltage input at pin 9 determines the fre- 
quency output at pin 4. Breadboard this circuit (see 
fable L35-2). 


Pay attention to the schematic in Figure L35-1. 


Only three pins are connected on the top side of the 
IC. Don’t accidentally build on top of the 4046. 


Table L35-2 

Parts List 

RI 10 MO 

R2 220 kQ 

Gl 1 pF electrolytic cap Toil ae a PEO 

C2 0.1 pF Film or disk cap 

D1 JN4004 Power diode 

D2 IN400# Power diode 

= : RC2 

DZ 1N1N4733 5.1 Zener diode == 

PB Normally open PB : 

Figure L35-l 

LED 5 mm round 

IC] 4046 CMOS 
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Also, note the space restriction that is being 
imposed. You should squish this initial circuit into the 
first 15 rows of the breadboard as noted in 
Figure L35-2. 


fee vie ee ewe 
he oe ee ee T 
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Figure L35-2 


What to Expect 


The circuit should work like this. You push and 
release the plunger. The LED turns on. As you wait, 
you notice that the LED appears to be flashing, but 
so fast, you’re not sure. As you patiently watch, the 
flashing becomes very obvious as it slows down. It 
should slow down to a crawl before it stops. It could 
stop with the LED on or off. But it will stop. To see 
an animation of what to expect when the circuit is 
working, go to www.books.mcgraw-hill.com/authors/ 
cutcher. 


1. Weare using only the voltage-controlled oscil- 
lator portion of the 4046. 


2. Breadboard this circuit and briefly test that it 
is working. 


3. Be sure to scrimp on the space as shown in 
Figure L35-2. This circuit should occupy only 
15 rows of the SBB. 
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4. All components should be laid out north- 
south or east-west. 


5. Wiring should not cross over the top of major 
components. 


6. Wire length should be kept short enough so 
that your little finger can’t fit underneath. 


In this schematic, the wire connecting R2 to pin 11 
jumps across the wire connected to pin 9. 


YOUB Data Sheet 


Now is the time to look at the 4046 data sheet. Even 
if your circuit is not immediately successful, work 
through the data sheet first. 

The diagram in Figure L35-3 is relevant to all ICs. 
Like any manufactured product, each chip is marked 
with all the important information. Who would have 
thought? 


Marking Diagram 
16 Pin DIP 


=Assembly Location 
L=Wafer Lot 


= 
Ja 
© 
po 
n 
w 
N 
FS 


Figure L35-3 


The system diagram and pin assignment are both 
shown in Figure L35-4. As with any data sheet, these 
are specific to the 4046 voltage-controlled oscillator 
and phase comparator IC. 
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Outputs 


PCX(in)l4O,> 
I 
PCY (in) 30> 
I 

VCO(in) 94 
zi Voltage l 


Inhibit 5 Controlled K 1 


Figure L35-4 


1. The 4046 IC is a dual purpose chip. It has two 
major processors that can be used independ- 
ently of each other. For our purposes, we will 
use the 4046’s VCO ability to convert analog 
voltage input to digital frequency output. 

2. As with all ICs, unused inputs must always be 
tied to an appropriate logic state (either V+ 
or gnd). Unused outputs must be left open. 


3. The inhibit input at pin 5 must be set low. 
When the inhibit is high, it disables the VCO 
to minimizie power consumption in a standby 
mode. 


4. Analog input to the VCO is at pin 9. 
5. Digital output of a square wave is at pin 4. 


6. The frequency is determined by three factors. 


The voltage value at pin 9 (as compared to V+ 
and ground). 


Cx at pins 6 and 7 and Rmx make the RC that sets 
the maximum frequency. 


Cx and Rmn make another RC that sets the mini- 
mum frequency. The higher the resistance, the slower 
the minimum flash rate. In this circuit Rmn is empty; 
the resistance is infinite. The minimum flash rate is 0 
(full stop) (see Table L35-3). 
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I 
=>i15 Zener 
>010 SF (out) 
Compara ator |> im 2 PC(out) 
013 PC(out) 
a 1 LD 


Sio 4 VCO(out) 
>11 Rmax 
> 112 Rmin 


Oscillator iem 
Terma 
; ; (xb) 


pin assignment 


PC(out) O2 1500 Zener 
PCY(in) Q3 140 PCX(in) 
VCO(out) O4 130 PC(out2) 
Inhibit Ẹ5 1200 Rmax 
C(xa) Q6 1110 Rmin 
C(xb) O7 100 SF(out) 
Gnd Qg _ 90 VCO(in) 


V+ = Pin 16 Gnd = Pin 8 


Table L35-3 Minimum flash rate 


Input Processor Output 


The VCO produces 
a square wave at 
pin 4 [VCOo,J 


Voltage fed Input voltage at 
to pin 9 pin9 


{VCO,,| is compared to 
V+ and ground. 


Maximum frequency 
output is determined by 
Cx and Rmx. 


Minimum frequency 
output is determined by 
Cx and Raw. 


An example of the expected output on an oscillo- 
scope is provided online at www.books.mcgraw-hill 
.com/authors/cutcher. Examples are available for 
both real scopes and Winscope. 


Troubleshooting PCCP 


These are always the first four steps of trouble- 
shooting: 


1. Power. Check your voltage and ground con- 
nections. Use the DMM to check the power 
and ground to the chip. This inspection 
includes checking the power supply voltage, 
proper connections, and broken power 
connectors. 
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Crossovers. Visually inspect that there isn’t 
any inappropriate touching in your circuit. 
Don’t get your wires crossed. We’re talking 
electronics here. 


Connections. Check your connections against 
the schematic. For example, the schematic 
shows there are on/y three connections to the 
chip from pins 9 to 16. There are only five on 
the bottom, between pins 1 and 8. Did you 
miss one or get an extra one? Are they in the 
right place? 


Polarity. What could affect the circuit if it 
were backward? Let’s think about that. 
Hmm? Diodes, or the output LED, C1 is elec- 
trolytic, so it is polar. What about the chip? 
Think it would work if it were popped in 
backward? Don’t try it out to see. 


Ninety-five percent of all problems will be found if 


you work through the PCCP method. Predict what 
the output should be. Use your DMM to double 
check the results that you expect. 


Exercises: Introducing the YOU6 VCO 


In digital logic, there are two states. They are 
not Hawaii or Alaska. What are the two logic 
states? and 


Why must unused inputs be conditioned high 
or low? 


RCI determines the length of the rolldown. 
RI = 


Cl=__ 
RCI timing 
Replace Cl with a value 10 times larger. 


What is the voltage being provided to your 
circuit? Use the DMM and measure this at 
volts. 


pin 16. 


Remove the LED and set the DMM red 
probe directly to pin 4, black to ground. 


Start the rolldown. Record the reading of 
V+ pin 4 at the beginning of the rolldown. 
V 


As the rolldown begins, the voltage reading at 
pin 4 should be 1/2 of the voltage at pin 16. 


An oscilloscope (Winscope) is the best tool to 
help understand this. With the LED removed, 
attach the scope probe’s red clip to the output 


1. Here’s a question to think about. Look care- i 
fully at the system diagram for the 4046. Why at pins 3 and 4. The black clip goes to ground. 
is pin 3 connected to pin 4? The plug goes into the “Line In” connection 
of the sound card. The settings are shown in 
Figure L35-5. 
FA Oscilloscope 2.51 File Help 
È Gain se ee Aa 
YT 453 
-l Y2 453 
- : Sweep 
-ii Gi 50.00 ms 
£ Delay 
aa 3 -m -l-l - 
Yi Y2 Pos T 
Peay Jf stome]_ vive. wae JL Jd 
Se Esri $ : EEE 
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Figure L35-6 shows why the DMM reads half 
of the V+. The output is V+ half the time and 
0 volts for the other half. The signal is switch- 
ing quickly enough that the DMM averages 
the voltage and reads it as half of V+. 


Figure L35-6 


8. A clock signal is defined as 


9. A square wave is made by a clock signal 
occurring at a steady frequency. Draw a repre- 
sentation of a square wave in the oscilloscope 
face presented in Figure L35-7. 


Figure L35-7 


10. Modify your breadboard slightly to represent 
the changes shown in Figure L35-8. This 
allows you to adjust the voltage using a volt- 
age divider. If the voltage is kept stable at the 
input to pin 9, what happens to the output at 
pin 4? 
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9y+t 


Figure L35-B 


11. Consider the schematic presented in Figure 
L35-9. 


7 
Figure L35-9 
Input Processor Output 
Amount of light VCO Frequency changes 


12. RC2 controls the maximum frequency. It is 
made of Rmx and Cx, noted in the schematic 
as R2 and C2. Predict what would happen if 
the resistance were increased by 10 times. 


Frequency would be 
a. 10 x C faster 
b. 10 x slower 


Try it out. Change R2 from 220 kilo-ohms to 
2.2 megohms. Did it make the frequency 
faster or slower? Did you predict correctly? 
Think about it. Did the increased resistance 
speed up or slow down the drain of C2? Reset 
R2 back to 220 kilo-ohms. 
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a. On the 4046 data sheet, pin 12 controls the b. Predict, if there is less resistance, that the 
minimum frequency, Rmn. Right now pin minimum frequency is going to increase 
12 is empty. No resistor means “infinite” (faster) or decrease (closer, to no flashing 
resistance. Air is a pretty good resistor. when it stops? 
Place a 10-M resistor from pin 12 to ground. 
Start the rolldown. What is the result? 
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tion 


Eleven 


The 4017 Walking Ring Counter 


So we have a clock signal output. It rolls down toa 
complete stop. Now to expand from 1 LED to 11 
LEDs. They don’t all go on at once. It actually counts: 
1,2,3,4,5, 6, 7,8, 9, 10,1,2,3,...and higher if you 
want to use the carry out capabilities. 


Lesson 36: Introducing the 
Walking Ring 4017 Decade 
Counter 


Here is the system diagram for the prototype applica- 
tion of the 4017 IC (sce Table L36-1). 


Table L36-1 Prototype application 


Input Processor Output 

Roll down 1. Each clock advances 1. Fast cycling. 
clock signal the high output through 10 LEDs. 
from the sequentially. walking 

4046 output through outputs zero 


through nine. 


. When the output 
reaches nine, it 
Starts counting 
from zero again. 


2. Cycling slows 
steadily loa 
complete stop, 
randomly at 
points 1 
through 10. 


=m m eee ee ee e 


Be very careful not to use too much space. There 
are still two major circuits to fit onto your board. All 
of the cathode sides of the LEDs can be ganged onto 
the unused line on the bottom as shown in Figure 
L36-1 (see Table L36-2). The common resistor can 
connect the LED line to ground. 
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Figure L36-1 


Table L36-2 


Parts List 

1C2 4017 Walking ring decade counter 
R3 47kQ 

R4 [kO 

R5 470.0 

R6 470.0. 

LEDs 115 mm round 


= eo ee eee o oa 


Add This Circuit to Your 
Breadboard 


The 4017 is a very simple IC. As you can see by the 
schematic presented in Figure L36-2, it has one major 
input. That is the clock signal output from the 

4046 VCO. 


4046 
Remove LED only. 
Connect as shown. 


10 OTe TTT 


Figure L35-2 l 


What to Expect 


When you trigger the 4046 VCO by pushing and 
releasing the button, you will see the 10 LEDs light- 
ing in sequence, appearing to have a light zipping 
down the series of LEDs. That is, in fact, exactly what 
is happening. As the VCO output slows, the zip slows 
as well. It will stop, randomly. The LED will be 

left on. 

An animated schematic is available for viewing at 
www.books.mcgraw-hill.com/authors/cutcher. It 
shows the expected sequence of light with a regular 
clock signal input. Again, even if your circuit does not 
immediately work to your expectations, now is the 
time to look at the data sheet. 


UOl7 Data Sheet 


The system diagram and pin assignments are 
revealed in Figure L36-3. 
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In a schematic, when lines 
= representing wires cross directly 
like this, they are not connected. 


0 /13(0 Enable 
1 h20 Carry Out 
7 )11)0 out 9 
100 out 4 
gp out 8 


V+=Pin 16 Gnd=Pin 8 
[Inputs|__Processors__|Outputs 


Clock In C4] Pin 14 


Enable C] | Pin 13 


Reset OI} Pin 15 


Figure L36-3 


For normal operation, the enable and the reset 
should be at ground. 
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For every clock signal input, the output increases 
from Out(0) to Out(9) by single steps. The counter 
advances one count on the positive edge (ground to 
voltage) of a clock signal. Only a single output pin 
from Out(0) to Out(9) is high at any moment. By def- 
inition, if the output is not high, it will be low. When 
the count is at Out(9), the next clock input recycles 
output to Out(0), giving the term “walking ring” 
because it is walking in circles. 


Carryout 


When Out(9) is reached, pin 12 carryout sets high. 
The carryout terminal is high for counts 0 through 4 
and low for counts 5 through 9. 


Because the Carryout clocks once for every 10 
clock inputs, the 4017 is often referred to as a 
“decade” or “divide by 10 counter.” For example, it 
can be used to convert a 10,000-Hz signal input at pin 
14 to a 1,000-Hz signal output at pin 12. 


Making the reset high for a moment returns the 
counter to Out(0), setting pin 3 output to high. All 
other outputs drop to ground. The reset must be 
returned to ground to allow counting to continue. To 
stop the advance of the count, place a high on enable, 
pin 13. Returning enable to low will allow the count 
to continue. 

As with any digital circuit, the inputs must be con- 
ditioned. That simply means they must be connected 
to either high or low at all times. 


Of course, every input has its preferred state. 


e Pin 13 enable should normally be set low, 
otherwise, the 4017 count will be frozen. 


e Pin 15 reset should normally be set to low; 
otherwise, the 4017 will ignore the count. It 
will be stuck at 0. 


The clock must be bounceless and have only one 
ground to positive movement for each desired count. 

The 4017, like all CMOS chips, uses very little 
power. When it is at rest, it uses 0.002 watt of power 
at 5 volts. 
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Troubleshooting 


What if the circuit is not working properly? Before 
you jump in, there are some bigger items to consider. 
Now is the time to start thinking systematically. Yes, 
you need to work through the circuit using the PCCP 
troubleshooting method, but the circuit just doubled 
in size. There are some necessary questions to ask 
first. 


1. Do you have paper and pencil to record infor- 
mation down as you proceed? 


2. What is working? Is there still a clock signal? 


e How can you tell? If there is no clock sig- 
nal, then the problem is in the VCO. 


e If there is a clock signal and the LEDs are 
not working, then the problem is in the 
walking ring. 


3. Once you have narrowed down the error toa 
single system area, then start the PCCP 
process. And even though it may sound redun- 
dant, check the power anyway. 


Here are some specific comments regarding 
the 4017 circuit: 


e Make sure that pin 14 has the clock signal 
input from the 4046 (pins 3 and 4). 


e Make sure that all of the LED cathodes 
(negative side) are connected together. 


e Becertain that all LEDs are connected 
to ground through the single 470-ohm 
resistor. 


The most common errors are as follows: 


1. Setting up the 4017 is the reversing of a single 
LED. 


2. Not connecting pin 15 (reset) to ground, The 
schematic shows that it is tied to ground 
through a 47-kilo-ohm resistor. If pin 15 is 
connected to V+, output 0 remains high, and 
nothing else moves. If pin 15 is not connected 
high or low, the input will react to static elec- 
tricity in the air and give unstable results. An 
unconnected input creates “ghosts” that are 
difficult to explain. 
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3. Not connecting pin 13 (enable) to ground. 
This pin is also conditioned to ground through 
a 10-kilo-ohm resistor. If pin 13 is connected 
to V+, there is no output at all the LEDs are 
all off. If pin 13 is not connected high or low, 
there will be “ghosts” created from this 
as well, 


Exercises: The 4017 Walking Ring Counter 
Reading schematics, the following drawings in 
Figure L36-4 show the most commion styles used 
in schematics. 


No . 
Connection 


Connected 


“ep 
Figure L36-4 T l T 


1. On the data sheet area, mention is made of 
the need to “condition” inputs. Explain what a 
conditioned input would look like. 


2. What controls any integrated circuit? 


3. If the inputs are not conditioned, this creates 
“ghosts,” so called because the circuit acts in 
an unreliable manner and the outputs are 
unpredictable and unexplainable. 


e Use your DMM as an “ectoplasm-meter” 
to find out where these ghosts come from. 


a. Set your multimeter to AC voltage. 


b. Keep the probe wires attached to the 
DMM. 


c. Keep an eye on the DMM display. 


d. Quickly move your DMM toward and 
away from a TV or computer monitor 
several times. It has to be a picture tube 
type of display. Flat screens just don’t 
leak enough to measure. 


e. Place the DMM right up against the 
monitor and hold it still. 
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A 


6b. 


7a. 


7b. 


e What was the highest AC voltage dis- 
played? CAC mV 


e Do this again with DC voltage. 
DC mV 


An Unconnected input is not high or low. That 
input reacts with the signals and static in the 
air around us. 


Some of the signals are from 

e radio and television signals 

e cell phones 

e the electrical wiring in the walls 


Provide an explanation—what causes these 
ghosts at unconditioned inputs? 


What is the result of having unconditioned 
inputs? 


There are three inputs to the 4017, What are 
they? (Here is some information from the 
4017 data sheet.) 


a. at pin conditioned by its 
connection to the 4046 output. 


b. at pin conditioned 
in normal operation. 


C: at pin conditioned 
in normal operation. 


State the purpose of each input. (Here is some 
information from the 4017 data sheet.) 


a / purpose 
b. / purpose 
Č / purpose 


What is the strict definition of the clock 
signal? 


Which shape in Figure L36-5 best shows a 
clock signal? 


4 bt th 


Figure L36-5 
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Set the DMM to VDC. With the red probe to 
4017’s pin 1, trigger the circuit. Are the results 
the same as the output of pins 3 and 4 of the 
4046? 


The output from the 4046 VCO on the oscillo- 
scope should have been similar to the diagram 
shown in Figure L36-6. 


Figure L36-6 


If you set up the oscilloscope just to measure 
at pin 1 of the 4017, what would you expect to 
sec? 


a. The same clock signal output frequency 
b. Only half of the output frequency 


c. High for the first five, low for the second 
five 


d. Only one tenth of the output 


10. a. Consider the carryout (pin 12). It is high 
for half the cycle. and low for the other 
half. 


When does the carryout of the 4017 change 
from low to high? 
When does the carryout of the 4017 change 
from high to low? 


b. Explain why the output of pin 12 (carry- 
out) is so different from the other output 
pins 0 through 9. (Refer to the 4017 data 
sheet.) 


Lesson 37: Understanding 
the Clock Signal and the 
UO17 


Definition: A clock signal is a clean digital signal that 
raises from zero to full voltage instantly. It must take 
less than 5 microseconds. That is 0.000005 second 

(1 microsecond = 10~° second). 


A clock signal is all of the following: 

e Isa very clean signal 

¢ Does not bounce or echo 

e ‘Triggers one event 

The clock signal is generated by the 4046 VCO cir- 
cuit and is used to trigger the 4017 circuit. Each clock 


signal advances the “high” output by one as shown in 
Figure L37-1. 


Figure 137-1 
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Each of the 4017’s output provides a clean clock 
signal as it changes from low to high. When the out- 
put changes from 9 to 0, the carryout at pin 12 
changes “clocks” and remains high until the count 
advances from Out four to Out five. Any of the out- 
puts can be used as clock signal inputs to trigger 
other counters. 

When reset is momentarily set to high, the count 
resets to 0. 

When the enable is set to high, the count stops 
until it is returned to low. 

Remember, all inputs need to be conditioned 
either high or low. 

Refer back to the data sheet provided in Lesson 
36 as you work through this lesson. 

To understand the circuit better, take one of the 
LEDs out and put it in backward. 


e Trigger the circuit. 


e How many LEDs are lit at one time? 


e There is a rolldown... but NOW there are 
two lights on all the time. One of the other 
nine LEDs and the reversed LED. 

e The drawing in Figure L37-2 best explains 
what is happening. 


Remember: Only one output is high at any time; 
the rest are low. 


Figure eye 


The reversed LED acts as ground. So the pin pow- 
ering the LED in the count is draining through the 
backward LED connected to an output that is low, 
Return the LED to its proper position. 


Exercises: Understanding the Clack Signal 

and the 4017 

Here we will compare a PB switch to a clock signal 
input. This setup substitutes a single mechanical 
action for a clock signal. Remember that a clock sig- 
nal is very fast (millionths of a second) and very 
clean. The LEDs advance by one per clock signal. Be 
sure to change back to the original setup when this 
exercise is done. 


1. Attach a 100-kilo-ohm resistor and the PBNO 
to the clock input of the 4017 as shown in 
Figure L37-3. 


Figure L37-3 
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Remove the wire that carries the clock signal 
from the 4046 (pins 3 and 4) to the 4017 (pin 
14). When everything is set up, attach the 
power. 


What LED is lit now? LED #. 


e Press the plunger down in a definite move- 
ment. Don’t release it. 


e What LED is lit now? LED #. 
e Release the plunger. 


e Did the count advance when you released 
the plunger? That was a voltage movement 
from V+ to ground. 


You expect a push button to be a fast and 

clean movement from gnd to V+. Is it a clock 

signal? 

e ‘You cannot use any mechanical device to 
provide a clock signal. 

e A clock signal must be generated electron- 
ically. 

Push and release the plunger a few more 


times. 


e You can expect that the count will advance 
by a single step ... sometimes by two or 
three steps. 


e The contacts of a physical switch like a 
push button do not provide a clean enough 
signal when a clock signal is required. 
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e An unclean input has bounce as shown in 
Figure L37-4. Such a bounce is too fast to 
be noticed on inexpensive oscilloscopes. It 
would be impossible to see on Winscope. 
But you see the results of the bounce as 
the 4017 counts more than one step in each 
push of the plunger. 


PLL 


Figure L37-U 


If an input says it needs a clock signal, only a clock 
signal will do. The CMOS 4093 is a specialized IC 
designed to “debounce” mechanical switches. It is 
nothing more than a fancy 4011 chip. It has been 
designed to react much more slowly to the inputs. 


Lesson 38: Controlling the 
Count by Using Reset and 
Enable 


Add two long wires to the breadboard as shown in 
Figure L38-1. These will be used as connections to 
V+ when needed. Leave the ends loose, Notice how 
pin 15 (reset) and pin 13 (enable) are each connected 
to ground through a resistor. That way the input is 
still conditioned, even if you do not have the probe 
connected somewhere. 
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Figure L38-1 
Reset Enable 
1. Trigger the 4046 to start the rolldown. All 10 1. Pull the reset wire out while you play with the 
LEDs should flash in sequence. Now connect enable. Start the rolldown. Now connect the 
the reset probe to the anode (+) side of LED enable probe to the anode (+) side of any 
number 7. What happens? LED. What happens? 
2. Choose another LED and do the same thing. 2. Choose another LED. What happens? What 
What happens? What does the reset do when does the reset do when it is set high fora 
itis set high for a moment? moment? 
3. Wait until the rolldown stops. Touch it to V+. 3. Wait until the rolldown stops. Touch it to V+. 
4. What happens if you keep the reset high and 4. What happens if you keep the reset high and 
start the rolldown? start the rolldown? 
Take a look again at how the data sheet So what good is it? That 1s up to you, the user, 
defines the purpose of the reset. It does to decide. Maybe you don’t want to count zero 
exactly what it says it does. And the same is to nine all the time. Maybe you only want it to 
true for the enable function. count to six, like rolling a die. Maybe you have 


a Hexapod Robot. It has a preset cycle for its 
six legs. You can use the 4017 to trigger this 
system. Figure L38-2 shows a really cheap, 
simple, yet effective idea for applying the 4017 
in a video security surveillance system. 
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Figure L38-2 


The system needs to have the “high” pro- 
duced by any source to reset the system. The 
reset does not need a clean signal. Any 
momentary high will do. The “high” from pin 
10 is used here. Why don’t we see the LED 
connected to pin 10 light up? Because of the 
speed, the circuit reacts in microseconds. That 
is too fast for us to notice any response in 

the LED. 


Predict what happens when reset wire is con- 
nected to pin 1. Pin 1 is related to what 
output? 

a. Out 0 

b. Out 2 

c Out 4 

d. Out 5 

e. Out 10 


Underline which LEDs light up. 0, 1, 2,3, 4, 5, 
6,7,8,9 


What is the state of the carryout for this 
setup? 

a. On all the time 

b. On for the first two, off for the second two 
c. Doesn’t light up 


How are the three inputs conditioned so they 
are always connected to either high or low? 


a, Clock 
b. Reset 
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10. 


Table 


Input 
Video 


camera 


signal 


c. Enable 


Look at the schematic. The “Enable” is condi- 
tioned to low through the 1-kW resistor. Start 
the circuit from the 4046. In the middle of this 
standard rolldown, connect the enable to V+. 
Note what happens. Leave attached for 30 
seconds, and then trigger the rolldown. Dis- 
connect the enable from V+, so it is low 
again. The rolldown should pick up again in 
the middle. Describe what the enable does. 


In the following system diagram, describe the 
processor for the video security system shown 
in Figure L38-2 (see Table L38-1). 


L38-1 System diagram 


Processor Out 


There are three items Videorecorder 
necessary for this 


processor, 


1.A circuit that generates 
clock signals. 


2. The 4017 does what? 


3. The 4066* does what? 


*The 4066 is the equivalent of four high-quality NPN transistors in 
a single package. What does it do here in the circuit? 
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Running a Seven-Segment Display 


The seven-segment display depends on two major 
chips. I introduce the “slave” 4511 first, so you can 
understand how it is controlled. Then the 4516 “mas- 
ter” is introduced. You will investigate and play with 
most of the possibilities of each chip as they are pre- 
sented. At the end of this chapter. you will have the 
prototype of the DigiDice and be able to explain it. 
Better than that, you will be able to control it. 
Remember, binary’s the word. 


Lesson 39: Introducing the 
Seven-Segment Display 


Here is the system diagram from the beginning of 
Part III (see Table L39-1). 


Table L39-1 System factors 


input Processor Output 


1. Rolldown 
(4046 IC) 
controlling 2 


1. Fast cycling 
through six LEDs. 


Push button 


2. Walking ring 2. Fast cycling 
resets at 6 through numbers 
(4017 IC) 0 through 6. 

3. Binary counting 3. Cycling slows 


decimal (4511 IC) steadily to a com- 


plete stop, randomly 
at points | through 6. 


= m ee ee oe oo 
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Remember that there is to be a number output 
too. In this chapter we will add the number readout. 
Everything revolves around creating a number out- 
put using a seven-segment LED display. This simple 
device is created by using individua] LEDs in rectan- 
gular shape, set into a package that creates a number, 
as shown in Figure L39-1. 
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Figure L39-] 


So you might have some seven-segment displays 
laying around. You try them out. They might work 
and they might not. That is because there are two 
major types of seven-segment displays, the CC and 
the CA. The type that is used here is referred to as a 
common cathode (CC). A proper schematic diagram 
for the CC is shown in Figure L39-2. 


Figure L39-2 


This type of seven-segment LED display is 
referred to as a common cathode because all of the 
LEDs share the same ground line. You have to add 
resistors on the anode (positive) side for each LED. 
The alternate type of seven-segment display is shown 
in Figure L39-3. Note that it is almost identical, but 
completely opposite of the CC layout. 

Just as with the CC, you still have to add resistors. 
This is done on the cathode (negative) side for each 
LED in this package. Just a further note: The two 


Be sure to use a 470-ohm resistor to cut the volt- 
age to the individual LEDs as you map out the pins. 
The center pin of each side is a common ground con- 
nection. Only one needs to be connected to ground. 

Now use a single wire to determine which pin 
powers which LED. Label your drawing. You will 
need this information to wire up your next circuit. 


Figure L39-3 How would you create the number 7? 


package styles are not interchangeable. A CC will not 
substitute fora CA package in any circuit because it p 
is the same as placing an individual LED in back- Lesson 4 0 á Control the 


ward. It just doesn’t work. Seve n-Segment D isplay 
Right now, you need to map out your seven- Usi ng the ų 51] B CD 


segment display. Set the seven-segment display 


into your breadboard as shown in Figure L39-4. 
1. Getting numbers to present onto the seven- 


segment display has to be easier than rewiring 
all the time. 


2. Several IC processors are available to change 
inputs into number outputs. 


3. The 4511 BCD CMOS IC used here is a basic 
binary-counting decimal processor. 


4511 Data Sheet 


The system diagram and pin assignments for the 4511 
BCD are shown in Figure L40-1. 


Inputs Processors Outputs pin assignment 


Lamp Test O —> 
Blanking O—> 
Store O — 


Figure L40- 


148 Electronic Circuits for the Evil Genius 


Basic Operation 


The 4511 BCD accepts a binary input code and con- 
verts it to be displayed on a seven-segment, common 
cathode LED (all segments share the same connec- 
tion to ground). 


The binary code placed on B1. B2, B4, and B8 
inputs is translated as a code for display on a CC 
seven-segment LED. For instance, if B8 is low, B4 is 
high, B2 is high. and B1 is low [0110]. this input com- 
bination will make outputs c, d, e, f, and g high, while 
outputs a and b remain low, creating a decimal six. 


In normal operation the lamp test and blanking 
are held high while store is connected to ground. 


e Lamp test: If lamp test is grounded, all of the 
lettered outputs will go high. 


e Blanking: If blanking input is made low, all 
lettered outputs go low, turning the display 
off. 


Note as well that any input representing a number 
bigger than decimal nine will blank the display. Even 
though this 4-bit binary word can count from 0 (0000) 
to 15 (1111), the 4511 is designed to operate a seven- 
segment LED that cannot count above nine. Any 
binary word above 0101 is unreadable. The 4511 will 
blank, turning off all outputs to the display. 


If the store input is made high, the value of the 
input code at that instant is held internally. With store 
high, the last value is held for display. 


The 4511 BCD system layout is described in the 
Table L40-1. 


Table L40-1 4511 BCD system layout 


Input Processor Output 


Decimal value of 
binary input shown 
on the seven- 
segment LED 


Binary code is 
converted for 
display by the 
binary-counting 
decimal processor 


= a a oe = m m m m mm © 


A binary word 
provides high signals 
at the binary inputs 


Breadboarding the Seven- 
Segment Display and 4511 
Display Driver 


Set the chip and seven-segment display near the end 
of your breadboard as shown in Figure L40-2. 


Now build this circuit from the schematic in Figure 
L40-3. 


The wire probes are only needed for testing in this 


lesson. 


Figure LUD-2 
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Figure LY0-3 


Building this circuit on the breadboard can prove 
to be very challenging. The picture in Figure L40-4 is 
provided to help guide you. There is a correct tech- 
nique for breadboarding and then there is a mess. 


e Note that the resistors have had their legs 
clipped shorter on one side. Then they are 
placed upright. 


Figure Luo-4 


Insulated wires are used to make the long 
connections. Those wires are a bit longer than 
the actual connection. That relieves any strain 
that might cause the wire to spring out of its 
hole. 


The wires are gently bent. Sharp corners actu- 
ally encourage the solid wire to break under 
the insulation. Such breaks are frustrating and 
hard to find. 


What to Expect 


When you attach power to this circuit, the seven- 
segment display should read ZERO. That ts, segments 
A,B,C, D, E, and F are lit. Not the crossbar, G. If you 
have a backward “6,” you have switched the outputs 
“F” and “G.” 


1. 


Touch the wire probes connected from inputs 
B1, B2, B4, and B8 separately to V+. This 
“injects” a high signal into the various binary 
inputs. 

Touch both B2 and B4 to voltage at the 

same time. 


Try different combinations. 
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4. What happens when you try to inject a high at 
B& and B2 at the same time? It should blank 


the display. 


Troubleshooting 


Run through the PCCP. The most common problems 


in this setup are as follows: 
e Crossed wires. 


e Reversed display. 


e Individually burned-out LEDs on the display. 


e Blanking at pin 4 or lamp test at pin 5 is not 
connected to V+. Either connected to ground 


would keep this circuit from working. 


Exercises: Control the Seven-Segment Display 
Using the 45/1 BCD 


The inputs B8, B4, B2, and B1 represent binary 
inputs. 


Together, all four binary inputs create a 4-bit 


binary word. Figure L40-5 presents an excellent rep- 


resentation of how the binary word input relates to 


the display driver outputs. 


1. 


Use the wire probe to connect B1 (pin 7) to 
voltage. What is the readout of the display? 


Use the wire probe to connect B2 (pin 1) to 
voltage. What is the readout of the display? 


Use the two separate wire probes to connect 
both B1 and B2 to voltage. What is displayed? 


Work through Table L40-2. 


Figure LU0-5 
Table L40-2 Wire probe 


Number B8 BY B2 
Zero Low Low Low 


One Low Low Low 


Seven 
Eight 
Nine 


Ten 


BI 


Low 


High 


Binary Seven-Segment 
Word Display Output 
0000 ABCDEF 

0001 Cand D 


mu e a m a o o a a a o e o o G G a ee a ‘e 
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The highest binary input that the 4511 recog- 
nizes is when inputs B8 and B1 are both high, 


That means the highest it can count is 9. Any- 
thing over a binary input equal to “decimal 9” 
will cause it to blank out. 


Why are inputs 1, 2,6, and 7 connected to 
ground through 100k resistors? 


What is the maximum count of a 4-bit binary 
word? 


What is the highest number that the 4511 


seven-segment driver is able to display? 


BCD stands for binary-counting decimal: 
Binary in—decimal out. 


What is the binary word for decimal 7? 


Besides the binary word input, there are three 
other inputs to the 4511. What are they (from 
the 4511 data sheet)? 


a. at pin is conditioned 
in normal operation. What is its purpose? 


b. at pin is conditioned 
in normal operation. What is its purpose? 


Gnd = Pin 8 


Figure Lų1-] 
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c. at pin is conditioned 


in normal operation. What is its purpose? 


10. Test blanking and lamp test separately. Simply 


connect them to ground momentarily. 


Lesson Hl: Decimal to 
Binary—The 4516 


The 4516 is used here. It changes the decimal clock 
signal from the 4046 VCO to a binary output used by 


the 4511. This lesson explains the operation and 
application of the 4516 BCD IC. 


Data Sheet: 4516 Decimal- 
Counting Binary— Up/Down 
Zero to 15 Counter 


The system diagram and pin assignment for the 4516 


are shown in Figure L41-1. 


in assignment 


B8 D2 15] Clock 
L8 O3 | 4 14L B4 
Li Q4 130 L4 
Carry In Gs O L2 
Bi C46 lif B2 


Ground [J 8 
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Basic Operation 


For each clock signal input, the binary word output 
changes by one. The binary word shows as a high sig- 
nal on corresponding outputs. For example, for the 
decimal number “7,” the output B8 is low, while B4, 
B2, and B1 are high [0111]. 


In normal operation the inputs carry-in, reset, and 
preload are held low. 


The binary word increments one count on the 
clock signal at pin 15. The movement is dependent on 
the setting of the up/down control. The output 
appears as the binary word at the outputs B8, B4, 
B2,B1. 


Up/Down Control 


When the U/D control is set to high, the count pro- 
ceeds upward. When decimal fifteen [1111] is 
reached, the count cycles back to zero [0000] and car- 
ryout is triggered. When the U/D control is set to low, 
the count proceeds backward. When decimal zero 
[0000] is reached, the count cycles backward to fif- 
teen [1111], and carryout is triggered. 


Carry-In 


The carry-in must be held low to allow counting. 
Holding the carry-in high stops the count, making it 
function like the enable switch of the 4511. 

When multiple stages are used, the chips share the 
clock signal as shown in Figure L41-2. carryout of 
each stage connects to the carry-in of the next level. 


Figure LUI-2 
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Reset 


By momentarily connecting reset to V+, the count 
returns to zero [0000]. The reset must be returned to 
ground to allow counting to continue. 


Preload 


Any number can be preloaded into the 4516 by pre- 
setting the appropriate binary word to voltage 
through the preload inputs [L8, L4, L2, L1]. These 
preloaded inputs are loaded on to their correspon- 
ding binary outputs [B8, B4, B2, B1] by bringing the 
preload at pin 1 high for a moment. As with reset, the 
preload must be returned to ground to allow count- 
ing to continue. NOTE: Pin 15 should be in a low 
state and there should be no clock inputs to pin 15 
when preloading is done. 


Add to the System on 
the Breadboard 


Leave a small patch of five free lines on one side for 
the last part of the system introduced in the next les- 
son. 

As the schematic shows in Figure L41-3, the 4516 
uses seven more 100-kilo-ohm resistors and more 
wire. You also add a temporary display of the binary 
word using four extra LEDs. 

1. Remove the 100-kilo-ohm resistors from the 
4511’s inputs. 


2. Preload control at pin | and the preload pre- 
sets L8, L4, L2, L1 are attached to ground 
through 100-kilo-ohm resistors. 


3. Carry-in is connected to ground, because it is 
an unused input. 


4, Carryout can be left open. It is an output used 
to trigger another stage in counting. 


5. Reset is attached to ground through a 100-K 
ohm resistor. 

6. Start with the up/down control connected by a 
100-kilo-ohm to V+. 
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Figure LY]-3 


What to Expect 


What to expect before you start to play. Use the clock 


signal from the carryout of the 4017 as the INPUT 
clock signal to the 4516. The number will advance 
one for every run down all ten LEDs. Note that this 


wiring is specific to where you are now. It is subject to 


being played with by curious fingers and nimble 
minds. 

Also, at this point, the up/down control at pin 9 
can be connected to V+ (counting up) or ground 
(counting down) through a 100-kilo-ohm resistor. 


Exercises: Decimal To Binary— The 4516 


A: Initial Setup 


The 4516 acts as the interpreter. It changes the deci- 
mal clock signal source into the binary input used by 
the 4511 display driver. Use the partial schematic 
shown in Figure L41-4 to include the 4516 IC into 
your system diagram. 


Figure LUI-Y 


The outputs of the 4516, B8, B4, B2, and B1 are 
wired directly to corresponding inputs of the 4511. 
The four LEDs display the 4516’s binary word. It 
matches the decimal number displayed on the 
seven-sepgment LED. Now place a 10-megohm resis- 
tor from pin 12 of the 4046 to ground. This sets the 
minimum frequency output of the 4046 to about | 
Hz. This way, you don’t have to continually trigger 
the roll down. 
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Make sure that the 4516's up/down counter (pin 
10) is conditioned to V+ so it counts upward. 


2. The shortened “DCB” stands for what? 
D C 
B 

3. The shortened “BCD” stands for what? 
B C 
D 


B: Inputs Inputs Everywhere 


Be careful while you are exploring. You can acciden- 
tally connect V + directly to ground. That shorts out 


[Clock In 


the power supply. Even though everything looks like 
it turns off, a short circuit can damage your power 
supply. 


e Up/down counter. First, try out the up/down 
counter at pin 10. Use a long wire as shown in 
Figure L41-5 to connect the up/down control 
to ground. 


e The reset. Use a wire probe and momentarily 
touch the reset input to voltage as shown in 
Figure L41-6. 


e The preload. This is easy to do. Don’t remove 
the resistors. They allow flexibility. Pop a short 


Figure LUI-5 
4046 
ve Clock- = ag = 
fel 05 AA M3 2) ii] id, [9 
B4| L4 L2 B2 a Rst 
Pre Carry Carry 
Load B8 L8 L1 In` Bi Out’ gnd 
LI 16] 7] 
Figure LUI-6 l 
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Figure LUI-7 


wire into both L2 and L4 as shown in Figure 
L41-7, and connect them to V+. Connect a 
long wire to preload. Touch the preload wire 
to V+, just fora moment. Your display should 
now show the number “6.” When the preload 
is set to high, the values preset on the load 
inputs are dumped onto their matching binary 
count outputs. 


C: Now for Some Serious Playtime! Exploring the 
Possibilities 

Right now, both the 4017 and 4516 are connected 
directly to the clock output of the 4046 as shown in 
Figure L41-8. 


Pre Carry Carry 
Load B8 L8 L1 In’ Bi Out gnd 
4 7] 


Binary] Word 


1. 


Binary] Vi Word 


= 
c=) 
4511 4. 


The 4046 clocks the 4017. Now connect the 
4017's carryout to the clock input of the 4516 
as shown in Figure L41-9. Think about it. Try 
to explain what is happening. 


This is even better. The 4046 clocks to the 
4516. Connect the carryout of the 4516 
directly to the clock input of the 4017. The 
setup is shown in Figure L41-10. What is hap- 
pening? 


Will the 4516 still count zero to nine in the 
setup above when you play with the reset or 
enable of the 4017? Try it out. 


Remember the carryouts of the 4017? It is 
high for the first five number, then goes low 
for the second five numbers. Try the setup 


Figure LUI-8 
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clock signal | 


Figure LY1-9 


clock signal f 


Figure LHl-10 


clock signal J 


clock in 


4017 


Figure LHI-H 


shown in Figure L41-11, Connect the 4017 
carryout to the up/down counter of the 4516. 
Predict what’s going to happen. Were you 
right? 


5. Any other ideas? 


D. Setting Up the DigiDice 

Figure L41-12 is the graphic system diagram that you 
can use to set up your prototype for DigiDice. Notice 
that some particular features have been incorporated 
into the system. 


clock signal J 


Figure LUI-l2 


The 4046 clock feeds to both 4017 and 4516. 
When “Out 6” of the 4017 goes high, this signal is 
used to trigger the following: 


1. The reset of the 4017 (the first six LEDs light 
up in sequence) 


2. The preload (pin 1) of the 4516 
e L1 (pin 4) must be set directly to voltage. 
e This will load the number “1” when it is 
triggered, effectively skipping “0.” 
e Resulting in numbers displayed 1-2-3-4-5- 
6-1-2-3... 


At this time, you can remove both the 10-megohm 
resistor from the 4046's pin 12 and the LEDs used to 
display the binary word. The minimum frequency will 
return to full stop, and you will have room for one 
last addition to the entire system. 


Lesson H2: Automatic 
Display Fade-Out 


Hey! If you didn’t do it yet, do it now. Remove those 
LEDs used to show the binary word. 

Power consumption is important if you use batter- 
ies to power the system. CMOS Electronics are popu- 
lar because the systems use so little power. In 
comparison, the LEDs gobble energy in this system. 
In this lesson we apply a simple RC to the system 
that automatically cuts the power to the LEDs. 

A basic system diagram is shown in Table L42-1, 
It includes the RC that automatically turns off the 
LEDs. 
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Table L42-1 Basic system diagram 


Input Processor | Processor 2 Processor 3A Processor 4 Output I 
A contact switch RCI controls the 4046 VCO RC2 4017 Walking ring Timed off as a power 6 LEDs 
like a PBNO timing of the controls max and 1-10 counter. Seventh saver. RC3 controls 
rolldown min frequency of LED (out 6) is connected the transistor that cuts 
the clock signal to reset and preload power to the LEDs 
controls on the 4516 
Processor 3B Output 2 


4516DCB ® 4511BCD 


Seven-segment 
display counting 
1-2-3-4-5-6 


A detailed system diagram for DigiDice deals with Third Section Starting with 4516 
the input/processor/output of each piece of the sys- 


tem, Table L42-2. 


Input Processor 


Decimal counting 
binary 


e Clock rolldown 
from 4046 

e High input from 
4017 out 6 triggers 
preload of L1 

e U/D counter set 
up or down 


Table L42-2 Detailed system diagram 


First Section, Including the 4046 


Input Processor Output 


Push button Falling voltage Length of roll- Third Section H5ll 


closes controlled by the down controlled 
Voltage filling RCI drains from by RCI. Roll- Input Processor 
RCI max to minimum. The down clock signal. 


Converter for 
seven-segment 
LED 


PFOA Binary word 
voltage at pin 9 is i 


compared to V +. This 

controls speed of voltage- 

controlled oscillator 
Binary counting 
Decimal 


Second Section 4017 


Input Processor Output Fourth Section Timed Off 
e Clock rolldown 1 of 10 counter e Walking ring 

from the oulput reset al out 6. provides high Input Processor 

of the 4046 to out 0 to out 6. Voltage filling Transistor opens, then 
e Reset e Out 6 is used to RC3 slowly closes the 


reset 4017 to 0. 
e Out 6 is used as 
controlling input 


connection to ground 
as controlled by RC3 


to 4510, 
Secand Section LEDs 
Input Processor Output 
Walking ring provides Light 


high to 1 of 6 LEDs 
in Sequence. 
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Output 


Advancing 
binary code 


Output 


Decimal value of 
binary input shown 
on the seven- 
segment LED 


Output 
Displays fade-out 


Displaying the system this way can be confusing But even a graphic system diagram does not show 


and long-winded. A “graphics system diagram” shows the full schematic. For that matter, at this point, I’m 
how all of that information can be displayed more not going to show the full schematic either. All that 
efficiently. Such diagrams are more readily under- needs to be shown is the specific schematic of interest 
stood and infinitely easier to use when designing and and the notation of how it is connected into the sys- 
troubleshooting systems. Figure L42-1 is the graphic tem. Figure L42-2 is the schematic showing how RC3 
system diagram showing how RC3 is set into the controls the NPN transistor. 

system. 


clock 
rolldown 


“i RC1 Controls 


4046 VCO compares input 
|. Analog Voltage 


A fedtopino || Voltage from RCI to V+. 
y X 2. Length of RC2 controls the frequency 
Rolldown of the VCO. 


Figure LU2-1 
vt.. From , 
| = E Walking Ring 
=] F om LED 
a \/ From 
7 Segment 
Display 
Figure LU2-2 
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Everything used here should be fairly obvious, 
except for the extra diode. Why is the extra diode 
there? The diodes separate RCI from RC3. Here is a 
complete explanation why it is necessary. 


Figure Lų42-3 


The resistors would act together, too. RCI and 
RC3 would combine and act as a single RC. 

If there were only one diode, the unisolated capac- 
itor shares its charge first. This is demonstrated in 
Figure L42-4. The charge in the 1-jzF capacitor of 
RC1 would push through the lower diode and add to 
the charge of the 22-microfarad capacitor of RC3. 
The reverse would also occur; if the bottom diode 
were not present, the charge stored in the 22-wF 
capacitor of RC3 would push through the upper 
diode and add to the charge of the |-wF capacitor 
of RCL. 


ani 
T 


Figure LY2-4 
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RCI and RC3 are isolated from each other using 
the diodes to prevent any reverse flow of the current. 
If there were no diodes, the charges would be shared 
between the capacitors of RCI and RC3. This is 
shown in Figure L42-3. 


V+ 


The complete and proper setup is shown in Figure 
L42-5. Each RC acts independently. The RCI roll- 
down should finish 5 to 10 seconds before the fade- 
out really finishes. If the LEDs fade out before the 
rolldown is completed, adjust the timing of either 
RCI] to be shorter or the timing of RC3 to be longer. 


vt t 


pak 


Figure LY2-5 
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Define, Design, and 
Make Your Own Project 


It has been my experience that when people are 
given instructions to make something for themselves, 
they will complain. Fither they are given far too 
much detail or what they perceive as not nearly 
enough. All this from the same audience. What I have 
done here is give examples. The more complex the 
example, the more I choose to talk in terms of con- 
cept, not detail. I do this on purpose, This is your proj- 
ect. If I gave you all of the details, it becomes my 
project, and you copying my project. 

Remember the earlier comment about Lego. That 
was a Serious statement. Parts of one fit perfectly into 
the parts of another. That is one of the beauties of 
digital electronics. Think about it. You have learned 
enough that you could almost build the controller for 
an arena’s score board. You can develop your own 
applications using just a portion of the system. Next 
time you go to the mall, carefully look at those fancy 
gadgets that eat your quarters and tell you your 
fortune. What? You say you can’t do that? Then 
why not? 


Lesson U3: Defining and 
Designing Your Project 


Ideas to keep in mind: 
1. 
2. 


In an ideal world, the sky is the limit. 


Murphy was probably right. Murphy’s first 
law states, “If anything can go wrong, it will.” 
Do an Internet search of “Murphy’s law” + 
Technology. 
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3. In reality you will never have 
e Enough time 
e Enough money 
e The right equipment for the job 
4. Your expectations for this project should be 


reasonable. 


e Five printed circuit boards are provided in 
the kit for this unit. This provides you with 


maximum flexibility. 


The biggest limitation that exists for this 
project is your inability to create your own 
enclosure. 

The most reasonable and inexpensive pre- 


made enclosure is the plastic VHS cassette 
case, 


These are often available with plastic lin- 
ing that allows you to insert labels, signs, 
and directions. 


Notes Regarding Possibilities 


This is digital electronics. The processors can be 


mixed and matched, or not used at all. 


1. 4046VCO 


Can be set to a specific frequency 


¢ Rolls down 


e Can roll up (think about it) 
Can set minimum frequency 
Can set maximum frequency 


Has frequency range 


2. 4017 walking ring 


Dependent on a clock signal, but any clock 
signal will do. 


Don’t underestimate reset or enable. 


Can count zero to nine, and reset or freeze 
on any predetermined number. 


What about the carryout? High for half the 
count, low the other half. 


What about using two 4017s, counting 0 to 
99 in rows. 


The outputs are not limited to LEDs as 
shown in Figure L43-1. They can control 
transistors to give power. 


~ =® 


Low Power Output can 
be used to trigger other 
MOS Circuits 


Transistors used for 
Higher Power Output 


Figure LY3-1 


3. 4516 decimal counting binary 
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Like the 4017, it is dependent on a clock 
signal. 


With a 1-Hz signal, you could make a 
binary clock. 


The 4516 has more inputs than it has out- 
puts. 


The U/D control takes any digital input. It 
is not dependent on a clock signal. 


What about having two 4516’s counting 0 
to 99 in digits? 


Timing 


There are only three separate RC timers right now. 
More are possible. RC1 and RC3 work together. If 
RC1 ts longer than RC3, the displays fade before the 
rolldown is complete. Use Table L43-1 to set the tim- 
ing of the RCs to your desires. 


Table L43-1 Set timing of the RCs 


Resistor Capacitor Time 

20 MQ 10 uF 200 seconds 
10 MO 10 uF 100 seconds 
4.7 MQ 10 uF 50 seconds 
20 MQ WEF 20 seconds 
10 MQ LRF 10 seconds 
4.7 MQ l uF 5 seconds 
Examples 


Each of five examples presented has a unique twist in 
its application. New portions are explained in detail. 
Some of the design components, by their very nature, 
are identical between projects. When that happens, 
that portion is mentioned briefly. 


The Ray Gun 


The ray gun displayed in Figure L43-2 is a wonderful 
little project. 


Figure LY3-2 


The entire system has been enclosed in a squirt 
gun. The unique idea here is that only a portion of 
the larger system has been applied as shown in the 
graphics system diagram of Figure L43-3. 
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Vt RCI Controls 
} 1. Analog Voltage 
J fed to Pin 9 
2. Length of 


Rolldown 


4046 VCO compares input 
voltage from RC] to V+. 

RC2 controls the frequency 
of the VCO. 


Figure 143-3 


The same system can be applied to a push button 
fortune teller or a 10-LED roulette wheel. 


The “Whatever ?” Detector 


The only unique quality here is the switch and the 
name you give it. In fact, this is the same system, bul 
applied as a fake metering device. Fill in the word for 
“whatever.” The beauty is that it actually changes fre- 
quency from person to person. Did you notice that 
you could get the circuit to work by just touching 
across the bottom of the push button? Try it. The 
packaging can be very fancy, as shown in Figure 
L43-4, or you could use a simple box. 


— 


A 


Figure L43-y 
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clock 
rolldown 


4017 reset 
Walking Ring 
ANg out 6 


You could moisten your palm and pick up the 
“Ghost Detector,” claiming all sorts of things as you 
point it toward a dark corner. Give it to your friend 
and watch as it goes dead. A little knowledge isn’t 
dangerous. It’s fun. 


An Animated Sign 


The animated sign shown in Figure L43-5 could be 
used for a variety of shapes. 


[oleate 


G00 200 
D 


D 


FOA RPP 
O00 a0 


Figure LY3-5 


Both of the things that make this unique are shown 
in the graphics system diagram of Figure L43-6. 

First is the subsystem that triggers the 4046. It is a 
4011 oscillator set to pulse every 20 seconds, The 
maximum frequency is set to 20 hertz. It rolls down 
almost to a complete stop before it kicks the oscilla- 
tor high again. The schematic is shown in Figure 
143-7. 


& Make Your Own Project 163 


NAND Gate 
OSCILLATOR 


RC1 Controls 
1. Analog Voltage 
fed to Pin 9 
2.Length of 
PCB Provided Rolldown 


with Kit 


A regular transistor 
can support 12 
Ultra Bright LEDs 
in this configuration 


Figure L43-6 


The Frequency is set by R1 and C1 


Figure L43-7 


Second is the necessity for ultrabright LEDs to 
make the output visible from a distance. This requires 
the output of the 4017 to use transistors to amplify 
the power. 


The IQ Meter 


This is another wonderful gadget. It could just as eas- 
ily be called a lottery number generator. You secretly 
control the first digit by a hidden touch switch made 
from two pin heads. Shown in Figure L43-8, when 
you hold it, you’re guaranteed a number above 100. 


4046 VCO compares input 
voltage from RCI to V+. 

RC2 controls the frequency 
of the VCO. 


4017 
| Walking Ring f| Ring 


Figure L43-8 | 


Everybody else gets a number under 100. It does- 
n't use the walking ring at all. To do it properly, 
though, it does need two sets of the number display 
circuits and three seven-segment LEDs. Directions to 
make your own printed circuit boards are provided at 
wwwbooks.mcgraw-hill.com/authors/cutcher. Figure 
L43-9 shows the graphic system diagram for the IQ 
meter. 

Modify the dual NAND gate PCB, included in the 
kit, so it is a single touch switch. You can figure out 
the wiring to get a high output to show one and a low 
output to show zero on the seven-segment display. 
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clock 
rolldowrn 


Hea 
— 


yt 


J- 


RCI Controls 
1, Analog Voltage 


fed to Pin 9 
` 2. Length of 
Rolldown 


4046 VCO compares input 
voltage from RC1 to V+. 

RC2 controls the frequency 
of the VCO. 


: < 2) 
RC3 controls the NPN Transistor, e d 
whick in turn controls the LED's a BS 
connection to ground, SEW: 


RC1 Controls 
1. Analog Voltage 
fed to Pin 9 
2. Length of 
Rolldown 


4046 VCO compares input 
voltage from RCI to V+. 

RC2 controls the frequency 
of the VCO. 


clock 
rolldown 


4516 AI 
vane lel 
EF: 


Figure LH3-9 


Love Meter Fortune Teller 


This wonderful gadget is popular in the malls. It takes 
two inputs to work. You pay a quarter and do one of © Signs Point to Yes 
several different things. 1t might be that you put your 
palm on the outline of a hand or pass your hand over 
the hand of the plastic gypsy. You might touch one 
pad and your girlfriend touches the other; then you 
kiss. Then the lights flash, and you get your fortune 


@® Yes. Definitely 


© Outlook is Good 
© Most Likely 


© Without a Doubt 


© Can't Predict Now 


told. The outcomes shown in Figure L43-10 come © Ask Again Later 

directly from The Magic 8-Ball® toy made by Tyco © Outlook Not Good 

Toys. © Don't Comt On It 
The graphic system diagram for the fortune teller © My Reply is No! 


is shown in Figure L43-11. 


Figure LY3-10 


4011 
Two Events 
Trigger 

Hi Output 
Touch On 


clock 


JUUL rolldown 


4046 VCO compares input 
voltage from RCI to V+. 

RC2 controls the frequency 
of the VCO. 


1. Analog Voltage 
fed to Pin 9 

2.Length of 
Rolldown 


4017 
Walking Ring 


RC3 controls the NPN transistor, ALL 
which in turn controls the LED's 


connection to ground. 


PCB Provided with Kit = 


Figure LU3-II 
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The schematic for the dual input trigger is shown in 
Figure L43-12. It is important to give plenty of time 
for the coin input to time out, so that by the time they 
trigger the second input, the first has not timed out. 


InA InB] Out 


Overlap RC Timing 
Triggers Digital Output 


Figure LU3-12 


Event Counter and Trigger 


This device will count how many times something 
happens, and then trigger an output. With two 4516 
chips, the output can be set to trigger at any number 
between 0 and 255. The graphic system diagram in 
Figure L43-13 is set up for a single numbering 
system. 


clock 


JUL rolldown 


Figure L43-13 


The 4516 can be preset to any number zero to 15. 
You don’t have to feel confined to what the display 
can show. Set the up/down control to count back- 
ward, The output is triggered when everything 
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reaches zero. Figure L43-14 shows how to apply two 
4071 quad OR gates to check to logic output. 


b8 
4516 
b4 
0 to 
1 P 
b1 
Or Gates 
4516|Þ8 
16 b4 
to b2 
255 |b1 
Figure LU3-IH The output is low only when input 
is 00000000. 


The 0000 0000 can be made by the following: 


¢ Counting up and rolling over the top number 
¢ Counting down until you hit the bottom 


¢ Triggering reset by an outside event 


The Slot Machine 


It is possible to do this. What if I get two rows of 
walking rings and trigger them both? When the 
LEDs match, it can work like a slot machine and trig- 
ger a payout. What a simple concept. Move forward 
with this one only if you have confidence. It can 
work, but it takes work. The graphic system diagram 
for a two-line slot machine is shown in Figure L43-15. 


It appears obvious that you can compare the out- 
puts using an AND gate. The 4081 dual input quad 
AND gate is ideal. But consider that a high output 
from the two walking rings might cross each other for 
a millisecond. That is enough to trigger the AND gate 
falsely. It is important to slow down the comparison 
to prevent false triggering. Such a circuit is displayed 
in Figure 143-16. This ensures that each LED in the 
pair must be high for a minimum of 1/2 second 
before the AND gate input moves above the trigger- 
ing voltage. 
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Dual Input 


4046 VCO 
& Rolldown 
4046 VCO 

& Rolldown 


PCB Included 
with Kit 


Figure L43-15 


Figure L43-16 


What about the payout? I'll be honest. Check your 
phone directory for any shop thal repairs vending 
machines. Unless you are a skilled machinist and 
have time, you will save yourself many headaches by 
purchasing a used coin return mechanism. Usually, 
one clock signal in kicks one quarter out. It would be 
fairly safe to say the output from the 4081 will be a 
clean clock signal. Have fun. 


One Last Word 


Be creative. Be patient with yourself. Breadboard 
your prototype before you start building onto your 
printed circuit board. 
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AND Gate goes HIGH 
when 2 LEDs Line Up. 


4017 
Walking Ring 


One Gate per Pair 


4017 
l Walking Ring 


1 Gate Per 
Matching Pair 


Lesson YU: Your Project: If 
You Can Define It, You Can 
Make It! 


Lesson 44 includes the following for building each 
subsystem of your project. 


¢ The printed circuit board layout 
e The schematic laid out onto the PCB 


e The parts placement onto the PCB 
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The possibilities for creating different applications 
with the subunits of this circuit should be limited only 
by your imagination. But I have to apologize. There are 
real limitations to this course. J have strived to provide 
you with a wide range of printed circuit boards. You 
can contro] all of the various inputs for each processor. 
Be reasonable and realistic in your applications. 


If you choose to expand your project beyond the 
components provided, they should be available at 
any “electronics components” store or order them 
from www.abra-electronics.com. If you really want to 
play, there are instructions for creating your own 
printed circuit boards at www.books.mcgraw-hill.com 
/authors/cutcher. 


WIRE TYPE: A comment is necessary regarding 
the type of wire that you are using as you start to 
build your project. Up to this point, you have been 
using 22- to 24-gauge solid core wire for prototyping 
on your breadboard. Solid wire is great for prototyp- 
ing. But it breaks easily. Bend a piece back and forth 
10 times, If it didn’t already break, it will soon. As you 
build your subsystems, use stranded wire to connect 
them, Stranded wire will bend back and forth without 
straining itself. But it is difficult to use on bread- 
boards. This wire is readily available at dollar stores, 
but disguised as “telephone wire.” 


Inputs 


There are four different types of input switches, 


No Modification 


e The contact switch: Recall that basic mechani- 
cal switches were discussed in some detail in 
Part II. 


e The touch switch: The initial switch using the 
zener diode is sensitive enough to react to 
skin’s resistance. This is not digital. Connect 
the push button’s wires to pin heads instead. 
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Two Input Digital 

A coin or other action at the SW in Figure L44-1 
will turn the output of the first gate high for about 20 
seconds, You would then have that time to activate 
the second NAND gate using the SW2. 


Vt 


InA InBf Out 


sw 
vr T2 
7 Overlap RC Timing 
Triggers Digital Output 


connect to D2's anode of 
the 4046 zener switch. 


sw2 
1 


Figure LYY-1 


The bottom view of the PCB is shown next to the 
top view parts layout drawing in Figure 144-2. 


Figure LWY-2 Note that the output is at pin 10. 


Many of the possible variations for these input 
switches are discussed in depth in Part II. Use the 
same layouts and component values depending on 
the type of switch you want to build. 
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The Self-Kicking Oscillator 


The schematic for the self-kicking oscillator is shown 
in Figure L44-3. Remember that the frequency is set 
by the RC. The inputs of the unused gates have been 
set to ground. 


Figure LYY-3 


The timing for the rolldown can be adjusted, but 
the oscillation timing should be longer than the roll- 
down timing if you want the rolldown to stop com- 
pletely before it gets kicked again. The schematic is 
shown in Figure L44-4. 


DIVA my 


13 12 
4046 VCO 


16 15 


14 


clock out RC2 


Figure LYY-5 
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Figure LYY-4 


Processors 


VCO and Timed Off 


The heart of the system’s rolldown is the VCO’s reac- 
tion to the voltage drop of RC1. To save space, three 
subsystems have been grouped together on one 
printed circuit board. Naturally, RC1 and the 4046 
VCO would inhabit the same board. I’ve included the 
Timed Off circuit on this board as well. Figure L44-5 
shows the individual schematics that exist on this 

one PCB. 


From 
Walking Ring: 
LEDs 
470 
TIMED OFF a From 7 
T Segment 
NKO (7 < Display 
Qi 
BUY 
r E 
IM 22u 4- 
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This does make for a more complex PCB layout, nents that make up the Timed Off portion have been 
as you can see in Figure L44-6. Note that the compo- marked separately. 


PB or Digital Input 


Segment 
Display 


Figure LYY-6 


Because the PCB is fairly crowded, another view V+ Carry Out 
in Figure L44-7 is provided. This top view identifies 


Clock Int 


Hi to 
Enable 


each component by value and relation. 


Ln DW I OO NO 


Orn weA 


Figure LYY-7 
Figure L4U-8 
The Walking Ring 


The schematic of the 4017 walking ring in Figure 
L44-8 says it all. 


Remember that any digital high can be used to 
control the reset or enable. Otherwise, these inputs 


need to be held low. Figure L44-9 shows the PCB and 
parts layout. 


Even thought this is not as complex as the previ- 
ous PCB, Figure L44-10 emphasizes the extra control 
inputs available on the walking ring PCB. 
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4017 Walking Ring Layout 
enable 


n co | 


Voltage In Out to LEDs 


Figure LuU-9 


ing: Pines 1 arnt 


1K to 10 


wrap wire 
the solder 


Prepare the 
Led for soldering 


by forming a & 
= loop in the hs 
Cathode & j | V 
shortening the | L 


—— | > a 
| Anode "Yy Ne bret ot bare he koup 
wire to jom all of the j] 
“~ Cathode. From PCB V cathodes toscthe 


cathodes together 


Figure LUU-11 


Figure LUY-I0 
So now you have 10 or so LEDs floating on wires. 


They can be neatly mounted onto an enclosure using 


The LEDs are not expected to live on this PCB, the LED collars. The collars fit snugly into holes 
Remember to use stranded wire to conne! the made by a7-mm or 9/32" drill bit. Figure L44-12 
LEDs. Also, there is no ground connection for the shows how to use these marvelous little items. 


LEDs on the 4017 PCB. That is because each of the 
LEDs negative leg (cathode) is wired together as 
shown in Figure L44-11 and that one connection 
leads back to the Timed Off circuit. 


Figure L44-12 
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4516/4511 and Number Display Inputs Inputs Everywhere 


Examine the schematic in Figure L44-{3. Consider all of the preloads as a single input. They 
have to act together, and are controlled by pin 1 of 


Control Options via 


= == Push Button or Digital Inputs 
Figure LYU-13 
the 4516. Also, ignore carry-in unless another 4516 Remember to use stranded wire for all of the con- 
feeds to it. So there are really only five inputs on this nections to the other subsystems. All of the resistors 
subsystem. are marked either 100 kilo-ohms or 470 ohms in 


Figure L44-15. These are necessary to condition all of 


The printed circuit board layout and parts place- 
the many inputs that exist. 


ment are all displayed nicely in Figure L44-14. 
That’s really all there is to it. The rest is up to you. 


wire 


Figure LYY-15 


> Potential Inputs for 
added design control 


Figure LUU-14 
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What Is an Amplifier? 


Lesson U5: Transistors as 
Amplifiers and Defining 
Current 


So, what is an amplifier? It takes a small signal and 
makes it bigger. Signals are made of both voltage and 
current. We’ve applied the transistors as amplifiers in 
a few ways. You may not have recognized it at the 
time, Let’s review what you did. 


The definition from dictionary.com is very simple. 


am-pli-fy—verb. |. To make larger or more powerful; 
increase. 2. To add to, as by illustrations; make 
complete. 3. To exaggerate. 4. Electronics—To 
produce amplification of or to amplify an electrical 
signal. 

am-pli-ficer—noun. 1. One that amplifies, enlarges, 

or extends. 2. Electronics—A device, especially 


one using transistors or electron tubes, that pro- 


duces amplification of an electrical signal. 


Figure LU5-1 


pen 
r 


un 


Review 


A. Remember the Night Light 


Its action is shown in Figure L45-1. The signal given 
to the base of the NPN transistor is amplified. 

The voltage divider created by the potentiometer 
and the LDR control the voltage to the base of the 
transistor. Remember, the voltage at that point is 
dependent on the following: 


1. The setting of the potentiometer 


2. The amount of light on the LDR 


The signal to the base of the transistor has little 
power, not even enough to turn on an LED, because 
so little current gets through the 100-kilo-ohm poten- 
tiometer set at midrange. 


The action of how the signal to the base is ampli- 
fied by the NPN transistor is demonstrated in Figure 
L45-2. This action acts as a valve controlling the 
power source to the LEDs: 


e The smaller signal controls the transistor’s 
valve action. 


¢ The resulting amplified signal from C to E is a 
much more powerful version of the original 
small signal. 


V+ Collector 


oe 


oes) 
L2 v + GAZ 


O 
+ 
+ 
, 
+ 
+ 


pt et tat A Ok 
PS 
* 


NPN 3904 


Emitter 


Figure LUS-2 


B. Audio for the NAND 
Gate Oscillator 


Remember when you first connected your speaker 
directly to the NAND gate output. The signal was so 
quiet that you had to place your ear right on top of 
the speaker to hear it ... and that was in a quiet 
room. The amount of current passing from V+ to pin 
10 when it was low was enough to light an LED. but 
not enough to really shake the speaker. This is the 


schematic in the left side of Figure L45-3. 


That small signal to the base was amplified by the 
PNP transistor, shown inserted into the schematic in 
the right side of Figure L45-3. The small signal was 
used to control the transistor valve action that con- 
trolled the power directly from the voltage source. 

The weak signal to the base was amplified by the 
PNP transistor, providing plenty of power to the 
speaker coil to make an amazingly annoying loud 
sound. 


“Wait a minute... © you say. “Didn't the digital gate 
provide 9 volts, and the transistor gave 9 volts as 
well, so why was the transistor output more 


powerful?” 


Figure LU5-3 
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Calculating the Current: 
Amperage 


The difference was not in the voltage, the push 
behind the electrons. but in the quantity of electrons 
being pushed, the current. 

Figure L45-4 starts a very practical way of pictur- 


ing current in an electrical system. 


Figure LU5-4 


In electronics, voltage is the push behind the flow, 
or the force. 


For a creek, gravity is the push, the force behind 
the flow, as water runs downhill. 


A creek, by definition, has little current. Current is 
measured by how quickly water passes by in Liters 
per second or cubic feet per second. This creek has a 
current of 5 ft/s. 


current (noun). 1. A steady, smooth onward move- 
ment: a current of air from a fan; a current of spo- 
ken words. Synonyms—flow. 2. The part of a body 
of liquid or gas that has a continuous onward 
movement: rowed out into the river’s swift current. 
3.A general tendency, movement, or course. Syn- 
onyms—tendency. 4. Symbol L, Impedance (a) A 
flow of electric charge. (b) The amount of electric 
charge flowing past a specified circuit point per 


unit time. (dictionary.com) 


Now think of a stream like the one pictured here 
in Figure L45-5. It has a modest current, but you 
could walk across it. 
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Figure LUS-5 


Consider that the downhill “slope” is the same as 
the creek. The force is the same, but the big differ- 
ence is the “current,” the amount of water. It is more 
powerful. 

This stream has a current of 100 ft*/s. 

This river pictured in Figure L45-6 has a very large 
current. Even though it has less “slope” as the creek 
and stream shown above, it has more water flowing 
by a single point, every second. If you tried to swim 


across, you would be swept away. 


NLR REY 


EENEN 


Figure LUS-6 


Obviously, the river is the most powerful. The 
force is the same, but the difference here is the 
amount of water. The river has a current of 20,000 
ft/s. 

Current in electricity is electrons passing through 


a wire. 
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The standard unit of current is an ampere (Amp 
or A, for short): 1 Amp = 1 Coulomb/second (1 
Coulomb = 10'* electrons) 

Current is the general term. Amperage is the unit 
of current. The common abbreviation for current is / 
(impedance). People new to electronics say “It’s such 
a pile of new words. ‘T’ looks odd.” But think of the 
word stampede with a herd of electrons pounding 
through the wires. Now that’s an “impede.” There’s a 
wild one shown in Figure L45-7. 


@' 
v 


Figure LUS-7 


So how much is a coulomb? How much current is 
moving through an electronic system? How could we 
look at the electrical equivalent to a creek in Figure 
L45-8, and figure the current used by an LED? 


The current is a quantity we cannot measure 
directly with the tools at hand. But we can figure the 
amperage by using “Ohm’s law.” Ohm’s law simply 


Figure LY5-8 The electrical equivalent to a creek 


states that V = IR, where George Ohm calculated 
that the amount of pressure in a circuit is directly 
related to the amount of current passing through the 


load. 
Unit Measuring 
V = Voltage Voltage is the unit of force. 


Amperage is the unit of current 
(impedance). 


I = Amperage 


R= Ohms is the unit of resistance. 


Tom om e e m o o ee ee 


Here’s how Ohm’s law works. Think of a hose. A 
regular garden hose will do. The hose in Figure L45-9 
has a fixed diameter, so the resistance is not going to 


change. 


Figure LU5-9 i 


The higher the pressure, the more water flows 
through it. The lower the pressure, the smaller the 
current becomes. 


But if you change the resistance as demonstrated 
in Figure L45-10 and Figure L45-11, that affects the 
amount of current, too. 
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Back to Ohm's Law (V = IA) 


This is a simple three-variable equation: A = B x C. 
If you know two variables, you can figure the third. 
But how would you figure the current in the simple 
LED circuit shown in Figure L45-8? 

To figure the current flowing through the LED’s 
circuit, you need to know (a) the voltage used by the 
resistor (the pressure drop) and (b)t he resistance. 


Now, back to considering the basic circuit. Let’s 


make some assumptions. 
Figure LU5-10 š 


{. The power supply is a perfect 9 volts. 


2. “R®:The resistor’s value is a perfect 470 ohms. 


we 


“V”: Connect power and measure the voltage 
drop across the resistor—from TP a to TP b. 
The voltage drop across the resistor is 7.23 
volts. V = IR so 


| 


470 Q 


N 
N 
WwW 
<x 
< 
I 
ig 
x 


: I = 0.0153 A 
Figure LU5-11 

So we just figure out how much current passed 
through the resistor. Does that tell us how much 
passes through the LED? Yes it does. Consider the 
following. 


The fire hose shown in Figure L45-12 offers very 
low resistance because the hose is bigger. It is able to 
handle lots more current, but the pressure from the 
city supply is the same. 


A simple statement. Unless some is added or 
taken away, 


e The current ina hose is the same along the 
entire hose. 


e The current in a creek is the same along the 
entire creek. 


e The current ina simple circuit is the same 


throughout the entire circuit. 


For a simple circuit, the amount of current is the 
same throughout the system. The current (J) passing 


through the resistor is the same amount of current 
Figure LU5-12 l i l through the LED as well. 
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single point in the wire in | second. 


Exercise: Transistors as Amolifiers and Defining 
= [.53 10! electrons 


Current 


Recognize that this is considered a very small 
current. 


You can check your answers at www.books.mcgraw- 
hill.com/authors/cutcher, 
7. Now it is time to observe the actual effect that 


1. Define amplifier as it relates to electronics. nies ‘ 
different resistors have on the current. 


2. Match these units to the terms they represent. You might recall Figure L45-13 as the schematic 
Lesson 5,a long time ago. At that time, you observed 
V, A, W, hose width, force, coulombs per sec- what happened as you changed resistors. Now you 
ond, gravity. ft?/sec, | get to understand what happened. 
Pressure Current Resistance 
ovr ; 
1000 470a 22Ka lO0Ka 47Ka 220ko 


— eee ee 


3. Define the two combined factors that make a 


current. 
Figure LU5-13 

a. 

b. 

4. What is a basic unit used to show current in Do all figuring here to three significant figures. 
the following? This does not mean figure to the hundredths place. It 
Water System means that in terms of accuracy, all numbers have 

, two digits. For example, a 10-kilo-ohm resistor has 
Electrical System two significant figures because the color coding only 

5. Write without scientific notation how many shows two digits. On the DMM it might show 9.96 

electronics there are in a l-coulomb charge. kilo-ohms. That shows three significant figures. 


You can copy most of the information from the 
exercise you did for Lesson 5 to Table L45-1. 


6. There are 0.0153 amperes in the LED circuit. 
Write out exactly how many electrons pass a 


Table L45-1 Information from the exercise 


DMM Voltage Drop Current in System 

Resistor Resistor Across v Voltage Drop 

in Drder Value Resistor Amps = 0 s Across the LED 
100 Q =A ___ Volts OA ___ Volts 

470.0 _ 9 — Volts OA __ Volts 

2.2kQ — 9 —_ Volts 0. A ___ Volts 

10kQ — QQ _— Volts 0A __ Volts 

47KO — 9 — Volts 0._A — Volts 

220 KQ __ 9 — Volts OA i — Volts 


= e e e e e m o o o o o o e e e o o a o a o o o o o a ee ee ee 
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1. Think of your garden hose. 


a. If you turn the hose on, the pressure comes 
from where? 


b. Pressure in an electronic system is called 
what? 


c. Ifyou leave the pressure the same, and 
squeeze the hose, this increases what? 


d. As you increase the resistance, what hap- 
pens to the current? 


e. If voltage in a system remains constant, 
current will decrease if resistance is what? 


{. Conversely, the current will increase when 
resistance is what? 


Lesson Y6: Defining Work, 
Force, and Power 


What are we amplifying? Here you learn how work, 
force, and power are defined and measured in elec- 
tronics. Amplifiers by their very nature are analog 
devices. The transistors you’ve worked with are ana- 
log. They responded to any voltage to the base in 
varying degrees. Remember, NPN was turned on by 
more voltage to the base, and the PNP was turned off 
as the voltage increased. Here you will be introduced 
to the two types of amplifiers that match the opposite 
actions of the transistors you've already dealt with. 


What Is Force 


Force is the amount of energy exerted. In Figure 
L46-1 Atlas is exerting a force to hold up the sky. 
But by definition, no work is happening because 
there is no movement. If an object is not moved, no 
work is done, no matter how great the force. 
Force is measured in newtons. Roughly, 1 newton 
will move about 100 grams’ mass upward against the 
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Figure LU6-I 


Figure LUB-2 


force of gravity as demonstrated in Figure L46-2. 
Specifically, 98 grams, but 100 is easier to remember. 

The force in electricity is measured in volts. The 
matter being moved is electrons. This is shown in Fig- 
ure L46-3. 


Figure LU6-3 
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What Is Work? 


Work is measured as the amount of force exerted on 
an object through a distance. There has to be both 
force and distance for work to be done. Work is 
measured in standard units of newton-meters or 
joules. 1 N-m = 1 J. The terms are interchangeable. 


The distance can be done via a bottle rocket or a 
snail as shown in Figure L46-4. The speed doesn’t 
matter. 


a 


Figure LU6-4 


Watt Ils Power? 


Power is the rate that work is done. The standard unit 
of power in electricity is watts. One watt is the stan- 
dard power unit defined by the force needed to move 
98 g upward against gravity 1 meter in 1 second. This 
is graphically shown in Figure L46-5. 

Two items can have the same force exerted on 
them, but can have different power. The bottle rocket 
may do 1 joule of work in 0.01 second. That works 


182 Electronic Circuits 


1 Second 


Figure LY6-5 


out to 100 watts. The snail may take 1,000 seconds to 
do the same work. It has a power of 0.001 W. 


But look at the power in different water systems. 
The force of gravity pulls water over the edge of the 
cliff in both of the waterfalls shown in Figure L46-6. 
The current of both waterfalls has the same force of 
gravity on them. It is 180 feet at each of these falls. 
But power is defined by the current multiplied by the 
force. By definition, the current includes both quan- 
tity and rate. I would stand under only one of them. 


Figure LYU6-6 


Multiply the current by the voltage and that gives 
power. In any system, power is determined by how 
fast work is done. 
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In these natural water systems 


Power = current X force. 


Current = ft3/s = the amount of water pass- 
ing by and how fast it is flowing. 


age is now the drop specifically across the 
resistor. TP a to TP b. There is no way to 
measure the resistance of the LED to other- 
wise help figure out the current. Remember 
that the current moving through one compo- 
nent in series is the same current for all com- 


Force = slope = the amount of push behind ponents along that line. 


the current, the pressure. 3. Then you calculate the power. 
In electrical systems Voltage drop across the LED multiplied by the 


Power = curent X forcë: current in the system equals power used by the LED. 


Your numbers should be close to the sample pro- 


Force = voltage. s i 
vided. Plug these numbers into the formula for power: 
Current = amperage measured as a standard 


where 1A = LCR Watts = Volts x Amperes, 


0.0270 W = 1.77 V X 0.0153 A 


Remember that 1 C is a standard mass of electrons. 


Power is measured in watts. Oooh! 27 milliwatts. Brilliant. 


IWH=1AX1V 


Exercise: Defining Work, Force, and Power 


eRT, ; Complete answers for these exercises can be found at 
The LED is a low power light output. How much 


i ESA www. books.mcgraw-hill.com/authors/cutcher. 
power is used by the LED? Consider the basic circuit si 


shown here in Figure L46-7. 1. Force is the amount of energy exerted. It is 
measured in what units? 
2. Roughly 1 N moves grams upward 
against the force of gravity (specifically it is 
1 2B), 
Work = Force X Distance 


LoS) 


Work is the amount of exerted on an 


object over a 


4. Ifan object is not moved (or the distance 
equals zero), how much work is done? 


Figure LU6-7 5. The unit used to measure work is 


Another name for the same unit is joules. 


; 1 joule = 1 
To figure the power used by the LED, you need to 


know both voltage and current. 6. Both are equal to the amount of work done 


when moving @ __m upward. 
Now this becomes a three-step process. But they 


7. Power is the 
done. 


are three simple steps. that work is being 
1. You need to measure the voltage drops across 


the LED (TP b to TP ©). 8. The common unit for power is : 


abbreviated as_ . 
2. Then you have to calculate the current mov- 
ing through the resistor. V = IR, where volt- 
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9. Provide an example where two items have dif- Don’t breadboard the setup in Figure L46-8. You 


ferent amounts of power output even though did this same set of resistors early on, and you can 
the same force is exerted on them. copy the values directly from the exercise sheet you 
You probably already know that 1 W = 1,000 did in Lesson 5. 

mW (milliwatts). The prefix “milli” represents 


a thousandth (0.001). You’ve seen it in chem- 
istry (mL) and physics (mm). 


Power for electricity is figured using the for- 
mula watts = volts X amperes. 


10. The LED sample power output is 0.027 watt. 
That is mW. 


11. You have seen in the previous exercise how 
increasing resistance dampens current. The 
power output is directly proportionate to the 
current available. If the supply voltage 
remains constant and the resistance increases, 
the current decreases. 


Figure LU6-8 En 


Calculate the power available to the LEDs for 
each setup (Table 146-1). 


Table L46-1 Power available 


R Value Curent in System Voltage Drop LED Power Used 
Measured V+ to Gnd Q Across the LED Brightness by LED 
———_ = Amp 
Ohms 
Copy Copy Calculate Vor — Ya = Vien Copy W= {V 
100 Q — Volts OA —— Volts a he, 0. wW 
4700 — Volts Me A — Volts Normal 0. WwW 
2.2 kQ __Volts —- —— Volts oO W 
10k __ Volts WA — Volts 0. W 
AIKO — Volts OA — Volts D. w 
220 ka __Volts A — Volts _0. w 
12. John’s car has a 150-watt amp working off 12 People used to say the standard lighting 
volts. His parents have a 22-watt home system needed to read was the light provided by a 
that runs off 120 volts. Which system is more 100-watt incandescent light. The same amount 
powerful? of light can be provided by five ultrabright 


(Hint: What is the color of George Washing- MEG CEP Sap EE eN; 


ton’s white horse?) 14. Compare LEDs for power usage (see Table 
L46-2). 


13. What is the current in a 100-watt lightbulb 
working off 120 volts? 
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Table L46-2 Power usage 


Type Voltage Current Brightness Power 
Regular red diffuse 18v 30 mA 2.000 med 
Regular grcen diffuse 21V 30mA 2.000 med 
Regular yellow diffuse 2.3v 30 mA 2,000 med 
High-intensity yellow 2. v 50 mA 6,500 med 
Ultrabright red 2.4v 50 mA 8.000 med 


= m m ET eee eee eee eee ee o 


15. Use Ohm’s law to calculate the amount of 


current passing from C to E in Figure L46-9. Lesson H7: What Do | 
Have to Gain? Defining 
Gain 


As you turn the volume contro! on your radio, the 
potentiometer’s changing resistance isn’t just using 
up some of the power to the speakers. It’s actions are 
much more subtle. Amplifiers use an efficient method 
to control their power output. Read on and see what 
you have to gain. 


Defining Gain 


voltage drop across R2 = 2.05 v In an amplifier the input signal is small and the out- 
gence put signal is big! Gair ts the ratio that compares input 
Figure LY6-9 
to output. 
Gain = output/input 

16. How much power is available at the point oe pucks 

between R2 and R3? mW SAD Ser ei aes 
17. Is this enough power to light up an LED? Gain is a statement of a basic ratio. It has no stan- 

Yes / No dard unit because the ratio compares identical unit 


values, such as current. 


Gain = Iout/Iin 


Section Fourteen What Is an Amplifier? 185 


Gain in the NPN Transistor 


Set up a modified version of the night light circuit. 
The schematic is in Figure L47-1 shows a few changes 
needed to calculate the gain of the NPN 3904 
transistor. 


Figure LU7-I 


1. R1 at 47 kilo-ohms simulates the potentiome- 
ter set to midrange. 


2. R2 will be various resistors simulating the 
LDR at different light levels. Bright light 
would have low resistance. 


3. R3 is 22 kilo-ohms. I never did explain before 
what it did. It restricts current to the base 
(input) of the transistor. 


Table L47-1 Ratio and gain 


R2 V TPI Vi ln @ B Veron 
RZ VQ =A RY 
l IM 754V 2.83 2.83 V/22,000 Q  2.05v 
= 0.129 mA 
2 470K 739V 2.T3V 0.124 mA 2.0 
3 100K 623V 2.217 0.105 mA 1.64 
4 471K 510V 1.83v 0.083 mA 1.29. 
5 IOK 226V 0.718v 0.033 mA 0.433 
6 47K 126V 0.299v 0.013 mA 0.152 


4. In Figure L47-2, R4 and RS make a voltage 
divider. Measuring the voltage drop across R4 
makes it an easy task to calculate the current 
available at the emitter (output). 


Figure Lų47-2 


How would we calculate gain for this setup? 


This is a matter of comparing the current input 
and current output. 


They get set into a ratio, and there is your gain. 


Gain = T,,./1:, 


Table LA7-1 was done with a 12-volt wall adapter 
as a power supply. The readings here will not neces- 
sarily match your readings. 


Power Used Power @ E 
lin @ BY Gain = by RY Pat: Pa 
wo =A lour lia W=Vx A = Protat 
2.05 V/1000. 20.5 mA/ 2.05 V < 20.5mA 0.082 W 
= 20.5 mA 0.129 mA = 0.042 W 

Gain = 159 
20 mA i61 0.040 W 0.080 W 
16.4 mA 159 26.9 mW 53.2 mW 
12.9 mA 155 16.6 mW 33.2 mW 
4.33 MA 131 1.87 mW 3.74 mW 
1.52 mA 116 0.231 mW 0.462 mW 


> = m == ym mo 
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For figuring the power output of the transistor, the Exercise: What Do | Have to Gain—Defining Gain 


following considerations have been made. : f 
First, you need to check the quality of your 


1. Since R4 = R5, they both use the same transistors. 


amount of power. l ; i 
1. Test the quality of your transistors using the 


2. ‘The voltage drop across both loads is DMM diode test. Record your readings in 
identical. Table L47-2. 
3. The current on the same line is unchanged. For the circuit-test DMR 2900 multimeter, 


you first set your DMM to “Continuity” and 
then press the DC/AC button. The symbol in 
the top left corner changes from the “beeper” 


4. They use all the power available from the 
transistor. 


5. Therefore Pra + Prs = Premier icon to a diode symbol. Many multimeters 
simply use the continuity tester to give the 
Remember that the LED used 27 mW of power. reading. 
By the numbers developed in this sample, the LED 
begins to fade when there is a bit less than 50 kilo- 
ohms on R2 because from that point on, there is not 
enough power. 
Table L47-2 Readings 
NPN 3904 The Readouts Are + 5% PNP 3906 
Erea tO Bijak (expect OL) Esa tO Boise (expect 0.68) 
Brea tO Cyrace (expect 0.68 Bay torGyce (expect OL) 
Esae tO Bre (expect 0.68) Esnek t0 Big (expect OL) 
Butack 10 Cres (expect OL) Botack tO Cri (expect 0.68) 
2. Before we move into measuring a complex Now how much voltage is used across R1 and R2 
circuit, let me prove to you that when you cal- individually? 


culate the current in one portion of a circuit, 
that current is the same for the remainder of 
that circuit. You don’t need to make the sim- 
ple schematic shown in Figure L47-3. All the Varop across R1 
needed information is there. 


Remember the formula to calculate this was 


Vao = Vow [R1/(R1 + R 2)] 


Veron across R2 


9y+ 3. a. How much current is passing through R1? 
Use Ohm’s law: V = IR 

R1=10002 y 
=s À 
Q 
Varop across R1/1,000 Q = current 

R2=2.7Ka at R1 

Figure LY7-3 
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b. How much current is passing through R2? 
Vacop across R2/2,700 Q = current at R2 

4. Isthe current through R1 and R2 nearly iden- 
tical? Does IRL = IR2? Yes/No 


5. Ifyou want to set up a test circuit, go ahead 
and do the real measurements. Remember 
that you can use three significant figures if 


Table L47-3 Readings 


R2 VIPL Vow = Ig @B Vie, 
AZ V0= A AY 
1 IM 
2 470K 
3 100 K 
4 ATK 
5 10K 


Lesson 48: The World Is 
Analog, So Analog Is the 
World 


Here we finally get to see how an amplifier relates to 
the real world. But keep in mind that this is not digi- 
tal. Nothing in the real wortd is digital. Analog is the 
world 

Amplifiers are analog systems. They deal with 
changing voltage. Modern technology promotes the 
use of digital storage of information on CDs and 
DVDs using 20-bit systems, As well, we have digital 
transmission of information on cable and the Inter- 
net. Good amplifiers feed digital information in, pro- 
vide digital information out. But amplifiers, by and 
large, deal with sliding analog voltages to duplicate 
the sound and light as it occurs naturally. 


you measure the resistance with the DMM 
directly. Use only two if you don’t measure 
the resistance but just use the color code. 


6. Now, using the schematic in Figure L47-2, use 
the values shown for R2. R2 is the only resis- 
tor that changes values. R3 keeps the 22 KQ 
value shown in Figure L47-1 (see Table 


LA7-3). 
Power Used Power @ E 
lin @ AY Gain = by AY Pau + Pas 
VQ =A urla W=VxA =P ia 


The Noninverting Amplifier 


As shown in Figure L48-1, the NPN transistor works 
in a very direct manner. As the signal to the base 

increases, the valve opens. As one goes up. the other 
goes up in direct proportion. This is a direct relation- 


kms 


Figure LYB-1 
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ship. The output is proportional with the same volt- 
age as the input. More voltage in creates more volt- 
age out. Voltage is not inverted. 


The Inverting Amplitier 


Look at Figure L48-2. The PNP transistor has the 
opposite action of the NPN transistor. As the signal 
to the base increases, the valve closes. As one goes up, 
the other goes down in direct proportion. This is an 
opposing relationship. The output is proportional but 
opposite voltage as the input. 


Base 


Figure LU8-2 


The voltage is inverted, But GAIN is the same as 
the NPN because gain is always stated as an absolute 
value. 


The NPN is a “noninverting” amplifier. 

The PNP is an “inverting” amplifier. 

Of course, in high tech, we have to use fancy words 
such as noninverting. 

Definition: /nverting—to turn upside down. 


Definition: Noninverting—not to turn upside 
down. To leave right side up. 
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The Op Amp 


We are going to be using an 8 pin DIP 741 amplifier 
on a chip. The basic hookup diagram is shown in Fig- 
ure L48-3. These are called Op Amps, short for oper- 
ational amplifier. There are many more amplifiers 
than there are CMOS 4000 series IC chips. Just look 
at the partial listing at www.books.mcegraw-hill.com/ 
authors/cutcher. Each Op Amp has its own features 


regarding 
e Power input and output 
e Response time 
e Frequency 


e Other factors 


No 
Offset 1 8 Connect 


Inverting 12 a 
Input s NE 
Non- 
inverting Output 
Input 
V- : S-Offset 
Figure LU8-3 


The main idea to keep in mind is how any Op 
Amp works. The Op Amp compares the voltage dif- 
ference between the two inputs (pins 2 and 3 here) 
and responds to that difference. 

Here we will use the LM741 because of its low 
power needs and simplicity. 

Note that there are both inverting and noninvert- 
ing inputs. 


Exercise: The World Is Analog, Sa Analog 
Is the World 


1. Which input pin of the LM741 has action simi- 
lar to the NPN transistor? pin__ 


2. That action is called what? 


3. Define the term inverting amplifier. 


What Is an Amplifier? 189 


190 


For an inverting amplifier, what is the gain 
when the output is —100 mV and the input 
was +10 mV? Be aware that gain is always 
stated as an absolute value. 


c. —0.1 
d. +0.1 


The Web site www.books.mcgraw-hill.com/ 
authors/cutcher has a partial list of amplifier 
ICs that are available on today’s market. 
Would I be right in saying that there is a lim- 
ited selection of amplifiers available to work 
with? 


Download a full LM741 data sheet at 
http://cache.national.com/ds/LM/LM741.pdf. 
You need to have Adobe PDF reader 
installed to be able to access this document. 


On the LM741 data sheet, page 1, the LM741 
is manufactured in how many package styles? 


From the LM741 data sheet, page 2, examine 
the numbers on your chip. Determine which 
style LM741 you are working with. 741A 741 
741C 


10. 


11. 


12; 


From the LM741 data sheet, page 2, what sup- 
ply voltage is the LM741 expecting? 


More interesting information from the LM741 
data sheet, page 2—your solder pen gets up to 
400°C—how long can the LM741 endure 
direct heat from a solder pen? 


Now turn to page 3 of the LM741 data sheet. 
The LM741 is considered to be a low-power 
Op Amp. For example, at rest the typical cur- 
rent draw for this Op Amp is what? 


And more info from the LM741 data sheet, 
page 3—when really pushed, the LM741 con- 
sumes a whopping mW of power. 


Turn to page 4 of your LM741 data sheet. 
How many transistors are packaged into the 
LM741 IC? 
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Exploring the Op Amp 


Lesson Y9: Alternating 
Current Compared with 
Direct Current 


Here Į explain the necessary analogy comparing 
alternating current as sound and direct current as 
wind. 


Direct Current 


We always hear the terms direct current (DC) and 
alternating current (AC). Direct current means that 
the current in the system is always flowing in one 
direction. Electronics depends on direct current. Nat- 
urally, flowing water has been a good comparison for 
positive DC voltage V+. Water always flows in one 
direction—downhill, toward the lowest point. Direct 
current is easily generated by chemical reactions in 
batteries. Figure L49-1 shows positive movement of 
electrons while the scope shows the voltage is above 


ILOBOR ESS OSS SS SB 
BOOS SO OSGOOD S Sh S 
H BS hw S Sh S Bh SH BH E 


Ap ES Se MS BS Se ee 


Figure LY9-] 


ground. So the voltage pushes the electrons one way. 
However, what happens when the voltage is reversed, 
and pushes the electrons the “other way”? Figure 
L49-2 shows us how that really works. 


ISH SSKSOSSTSEO SSO 
2| SO OS Oh GSS O H 
3|Se SSOReRSSGeRos E 
Al & 


Figure Lug-2 . 


Just a note regarding the representations here of 
DC ona regular oscilloscope. Winscope does not 
respond to stable DC voltage as a regular oscillo- 
scope would. 

With direct current, you can have a positive volt- 
age V+ or a negative voltage V—. Attach a battery 
backward and you have created V—. 

A more effective analogy for DC would be to 
think of water in a pipe or wind in a tunnel. It can 
move casily in both directions. 


Alternating Current 


Put simply, alternating current is a flow of electrons 
that keeps alternating, changing directions. The elec- 
trons don’t get displaced, as they do in DC. Figures 
L49-3 to L49-5 are frame sets from animations avail- 
able at www.books.mcgraw-hill.com/authors/cutcher. 
Those animations show far more clearly the action of 


what is happening. 


Figure L49-3 


Figure LY9-Y 


Figure t49-5 


But if the electrons don’t flow, how is the energy 
transferred? A great analogy for AC is sound waves. 
Air particles don’t flow as sound travels through the 


air, but they do move; they vibrate. Sound is a pres- 
sure wave that moves through the air. A vibrating 
string sets one particle bumping into the next. 

Simplified, the particles don’t get displaced like 
they do in a wind. They vibrate in place. In fact, when 
sound is translated into an electronic signal, it is car- 
ried as an AC signal as shown in Figure L49-5. 


Figure L49-6 represents a regularly oscillating 
action of electrons in an AC system. This shows a 
steady AC signal on the scope. 


Figure LU9-6 


AC on the Oscilloscope 


Why does a steady AC signal look like this on the 
oscilloscope screen? The following explains in detail 
the transformation of real electron movement into a 
sine wave: 


1. This is the actual movement of the electrons. 
represented in Figure L49-3. 


e Lots of voltage exists as it speeds up in the 
center. The voltage decreases as it slows 
down. 


e Jt actually has 0 volts as it stops and 
reverses direction. 


2. Figure L49-7 graphically shows the increase in 
the voltage of the electron as it speeds up and 
slows down. The voltage actually inscribes a 
circle. 
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Figure LY9-7 


Figure LY9-9 
Notice two things here. 


a. The distance the electron moves along the 
base line changes as the voltage increases 
and decreases. Put simply. the bigger the 
push, the faster it moves. The smaller the 
push, the slower it moves. The results? The circular outline changes into the 


(energy or force) that defined the height 
remains in place. Obviously, time is marked in 
evenly spaced increments. 


: classic sine wave shape. 
b. Each segment around the outside of the i P 


circle actually represents time. Note that ground is at the center of the action, the 
interplay between V+ and V—. As I said, our ampli- 


3. And it is not easy to show something that ; ; f 
fier deals with sound. You will now learn how to 


moves backward, because time moves for- 
ward. So Figure L49-8 shows the negative 
voltage movement happening after the posi- 


measure with the tools at hand. 


tive voltage. Exercise: Exploring the On Amp 


Having a good source of a stable audio signal is vital 
when you work with audio amplifiers. The workbench 
tool used for this is a signal generator shown in 
Figure L49-10. But just like an oscilloscope, you 
probably don’t have one outside of a classroom. 


Figure LU9-8 


4. Time is important. How do we show time? 
Right now, the time is chasing around on the 
outside of the circle and distance is marked 
across the horizontal ground line. But the dis- 
tance the electrons move is not as important 
to us as timing. So the next thing to do is to 
impose a time measure onto the horizontal 
line, replacing distance as the measure. This is 
shown in Figure L49-9. The amount of voltage 


Figure LY9-10 
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However, the computer is a versatile too] that can 


create and play the test signals that we need as well 


as show us visually what we need to see. 


1. 


Build the “Test Cord” shown in Figure L49-11. 
It is similar to building the scope probe but 
there is no voltage divider. Be sure the black 
clip is connected to the base of the 1/8" plug’s 
shaft. 


Figure L49-11 
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If you don’t have a signal generator, you need 
to use the premade audio signals available at 
www.books.mcgraw-hill.com/authors/cutcher., 
These are pure tone wave files. Because wave 
files are good representations of real analog 
signals, they can be very large. There are two 
sets of files. One set is made of three 20-sec- 
ond-long pure tone files. These are for people 
who need to download using a lower band- 
width. The other set is made of three 2-minute 
files. 

To use these properly, you must create an 
audio CD and burn these files to the audio 
CD. Insert the “Test Tone CD” into the com- 
puter CD player. Insert the plug into the jack 
at the front of the CD player to access the sig- 
nal directly. This output is shown in Figure 
L49- 12. 


Then you can take the feed directly from the 
CD output at the front and feed it to the line 
input of the sound card. Any media player will 
work. CDPlayer.exe is very bare-bones and is 
provided with all Windows operating systems. 


Disconnect the line from your sound card 
when you adjust the voltage output. Set your 
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Figure LU9-12 


DMM to VAC. Adjust the physical volume 
control on the CD to full volume. 


Measure and record the AC voltage shown on 
the DMM. mV. Now adjust the 
physical volume control to show each setting 
shown here. 


— 200mV __100mV — 10mV __ ImvV 


Check mark to verify, 


Reset the voltage to 200 mV AC but set your 
DMM to V DC. No matter how hard you try, 
you cannot get a measurement of DC voltage 
from an AC feed. Why doesn’t the signal show 
any DC voltage? You’ve seen something simi- 
lar to this before. Look at Figure L49-13. 


Figure L49-13 


Remember when you used the DMM to 
record the rolldown output from the 4046? 
The voltage reading at pin 4 was half of the 
V+ fed to the IC at pin 16. The output is V+ 
half the time and 0.0 volts for the other half. 
The signal is switching quickly enough that 
the DMM averaged the voltage and read it as 
half of V+. 
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Now the output is V+ half the time and V — Could that midpoint possibly be ground? So 
for the other half. On a DC voltage setting, the output in DC voltage is zero. 
the DMM averages the voltage and reads it as 


Se 5. Figure L49-14 shows how to set up Winscope 
the midpoint between V+ and V—. Hmm? . . > 
to see the tone signals on your computer. 
FA Oscilloscope 2.51 ’ disables 
eat eee a ‘Adjust Gain" 
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Figure Lų4g-14 


To begin with, a few comments are necessary. 


Even though Winscope responds to signals 
from inside the computer, you will need to get 
used to measuring signals from an outside 


source, and feed those into the sound card IN 
microphone or line input. SN 
a. Attach your “Test Cord” clips to the same Ss ` 


color clips of the scope probe as shown in 
Figure L49-15. 


_ A } 
b. Insert the scope probe plug into your ee = 
sound card’s “microphone input” or “line ai 
input” jack. Any input greater than 2 volts Figure L49-15 
will damage the sound card. The voltage 
divider on the scope probe will ensure that 
does not happen. e. Start Winscope by clicking on the first icon 


c. Start the signal from the “Test Tone CD.” button SON LINE” 


f. Be sure to adjust the settings by clicking 
those shown previously in Figure L49-14. 
Adjust the gain on Y1. When you move the 
“trigger” into place, the signal is stabilized. 


d. Physically adjust the small potentiometer 
on the CD to maximum voltage output. 
Software volume controls do not affect the 
volume of the CD’s direct output jack. 
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6. There are three test tones on the CD. Draw 
each tone at full volume or 250 mV 
(whichever is less) on the scope faces pro- 
vided in Figure L49-16. 


Test Tone 270 Hz 


Figure 149-16 


Test Tone 270 Hz 


Test Tone 450 Hz 


Test Tone 450 Hz 


7. Adjust the voltage output and redraw each of 
the tones at 50 mV on the scope faces pro- 
vided in Figure L49-17. 


Test Tone 1000 Hz 


Test Tone 1000 Hz 


Figure LU9-I7 


8. Leave the volume adjusted to 50 mV. Place a 
music CD into the CD player. Feed that signal 
into your Winscope. 

This is more representative of a normal sound 
pattern. A pure tone gives a pretty sine wave. 
Normal sounds and music are not pure tones. 
They would be very difficult to draw onto an 
oscilloscope graph. 


Lesson 50: AC ina DC 
Environment 


But if alternating current goes forward and back- 
ward, how can it be used in a direct current system? 
How can AC be imposed onto a DC system? Relax. 
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We can either eat on the ground, or we can pull out a 
table and use that raised surface. You know enough 
actually to set up that raised surface in electronics. 


The AC Signal in a DC 
Environment 


If AC goes forward and backward, how can we work 
with AC in a system that uses only V+ from a single 
9-volt battery? 

To begin, recall the analogy comparing direct cur- 
rent to wind and alternating current to sound. Figure 
L50-1 shows how sound can be carried in the wind. 
The animation at www.books.mcgraw-hill.com/ 
authors/cutcher shows the action much more clearly. 
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Figure L50-1 


Figure L50-3 


Even though the ground is a natural place to put a 
picnic, an artificial surface like the table is much more 
convenient. Adjusting the reference for the AC signal 


ina DC system is much more convenient. too, as you 


can see in Figure L50-4. 
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With this in mind, you can carry an AC signal in a 
DC environment. Here’s a larger analogy to explain 
how. In electricity, you have above ground and below 
ground. As an analogy. when you go out for a picnic, 
you can use the ground as a convenient surface, as 
shown in Figure L50-2. 


ae : | "3 
os } _ 5 WAN above 
+, ee surface 


ground level 


below 
~ surface 


Figure L50-2 


Or you can set up a table—in that sense create an 
artificial surface above the ground as shown in Figure 
L50-3. 


Convenient Level 


above 


surface 


ground level-_— 


below 
surface 


We can create an adjusted reference for an alter- 
nating current signal within a DC voltage environ- 
ment by using a simple voltage divider. 


If V+ is 9 volts, then 1/2 of V+ is 4.5 volts. 
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reference 


Figure LSO-4 


In the system shown in Figure L50-5, the adjusted 
reference acts identically as ground in a 4.5 VAC 


system. 
R1=K2 
Room for 
Vt OVt +4.5 AC 
Signal 
1/2 
of AC Reference 
V+ 
Room for 
-4,5 AC 
= = Signal 
Figure L50-5 


How does an AC signal move in a DC environ- 
ment? 


Look closely at the two drawings in Figure L50-6. 


The image on top shows the AC signal with ground as 


its natural reference. 


The image on the bottom shows the AC signal 


with an adjusted reference in a DC environment. The 


current does not affect the signal. 


V+ 


REF 


C 


Figure L50-6 


Start Building the Circuit 


There needs to be a reference point for carrying the 
AC signal. Set up the two resistors as shown in Figure 
L50-7. These will be the voltage dividers used to set 
your reference point. 


|. Take the following measurements: 
a. Total voltage 
b. The reference point voltage 


This allows V+ above the reference to 
act as the positive portion of the AC signal 
and __—V— below the reference to act as the 
___ portion of the AC signal. 


Figure L50-7 
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Exercise: AC in a DC Environment 


1. Define the following terms: 
a. Direct current 
b. Positive voltage V+ 
c. Negative voltage V— 

2. What is a good analogy for DC that includes 
both positive and negative DC voltages? 

3. Write a good definition of alternating current. 

4. What is a good analogy for alternating 
current? 

5. What makes alternating current different 
from direct current? 

6. What is the natural reference point for AC? 

7. Ifan AC signal is measured in DC, the DMM 
displays 0.0 VDC. Explain this. 

8. In an AC signal, how much of the signal is 


above the reference point when compared to 
the amount of signal below the reference 
point? 


Lesson 51: Comparing 
Inputs and Audio Coupling 


Enough philosophy. Let’s set the reference point for 
the Op Amp and then start building the preamp. 


Part 1: When Comparative 
Inputs Are Equal 


Figure LSI-1 


Table L51-1 Statements of fact 


1. RI and R2 make the voltage divider 
that creates reference. 


The reference voltage V, 1s connected Vio at pin 


to the noninverting input (pin 3). 


inl 


3. For initial measurement. the voltage Ves ial V 
provided to the inverting input (pin 2) 
is identical to the voltage at the 
noninverting input. 


4. The Op Amp output (pin 6) reacts to 
the voltage difference between the 
inverting (pin 2) and Noninverting 
(pin 3) inputs. 

5. Because the difference is ZERO (they 
are equal). the output of pin 6 is Vref. 


There is nothing to react to. 


a m m a a 


Taking Measurements on 
the Op Amp 


OULPUL yin = 


Vig = PhofV+. 


3 


HOKE EL 


I ome me e a m e e O e e ee 


Build this circuit displayed in Figure L51-1 on your 


breadboard (see Table L51-1). 
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In this 9-volt DC system, the reference point 
you are using has _____ V. This allows 
____V-+ above the reference to act as the pos- 
itive portion of the AC signal and____—sV~ 
below the reference to act asthe ___ portion 
of the AC signal. 


Is there any difference between the inverting 
and noninverting input in this setup? Did your 
measurement support the fourth and fifth 
“Statements of Fact”? They should have. 
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Part 2: The Voltage Comparator 


Modify the circuit as shown in Figure L51-2. The volt- 
age divider remains attached to the noninverting 
input, and becomes the reference for the voltage, 
Vref. Reminder: Disconnect your power when you 
breadboard. 


Vr 


Vinvert 


4.7K 


Figure L5l-2 


The inverting input at pin 2 is connected to the 
midpoint of a new voltage divider made from a 10- 
kilo-ohm potentiometer that is balanced against a 
4.7-kilo-ohm resistor. Be sure to have the 22 kilo- 
ohm connected between that midpoint and pin 2. 


You have just built a “voltage comparator,” 

The Op Amp output at pin 6 reacts to any voltage 
difference between the Inverting input at pin 2 and 
noninverting input at pin 3. This setup uses the Op 
Amp to compare two voltages. 

It can only determine if 


. V 


Y inverting 


is greater than Vet 


* Vinverting 1S less than Vet 


OK. Let’s look closer at it. 


3. Use the DMM set to DC voltage. Attach the 
red probe to pin 3. The black probe goes to 
ground. 


nons v 


4. Attach the red probe to Vinn and black probe 
to ground (see Table L51-2). 


Table L51-2 Adjust the potentiometer 


Adjust the potentiometer 
so that V mer is even a bit 


Adjust the potentiometer so that 
the midpoint voltage (Vimer) is 


just a bit over V, higher. 
a. Vineri = ———— a. Mine = ——— 
b. Mi poemen b. Vici a 


5. Table L51-3 


Table L51-3 Readings 


Adjust the potentiometer so that Adjust the potentiometer 


Vinen 1S Just a under V wr so that V imen I$ even a bit 
lower still. 
a. Vinvert oe a. Miken a 
ret T b. Veet Fe ae 
= m m æ m eee ee ee y = 


6. a. When voltage at Vinen IS greater than Ver 
Voa at pin 6 becomes 


ou 
b. When voltage at Vinen 1S less than V ur Vou 
at pin 6 becomes 


7. Try to adjust the voltage at pin 2 at V inven SO 
that it is the same as Ver 


If you could do so, what would you expect the 
Vou at pin 6 to be? 


8. What does a voltage comparator do? 


WAIT! STOP! HOLD JT! Stop and admire the 
beauty like the Thinker in Figure L51-3. Before we 
just cruise by this pretty sight, I'd like to point out an 
item of interest on this sightseeing tour. This one little 
circuit is the heart of digital inputs. 


Figure L51-3 
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Think about it. You have a reference voltage and 
an input that could be bigger or smaller. The output 
responds instantly to the difference. This is your basic 
NOT gate. 

Figure L51-4 shows how a voltage comparator 
works. An animation of this can be viewed at 
www.books,mcgraw-hill.com/authors/cutcher, 


Figure L51-4 


So I can hear you mumbling, “OK, so I’ve got a 
voltage comparator. But I don’t want a voltage com- 
parator, I want an audio amplifier.” 


Audio Coupling 


At this point right now, we will set up and start 
exploring the preamp. The preamp’s purpose is to 
increase the voltage of the input signal to a usable 
size. 


Modify your Breadboard (Again) 


‘The schematic is displayed in Figure L51-5. 


Ve R4 10k 


Figure L51-5 
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a. Remove 4.7-kilo-ohm and 22-kilo-ohm 
resistors. 


b. Add the 4.7-F cap. 
c. Add two 1-K resistors. 


d. And rearrange the 10-kilo-ohm pot. 


First, recognize that the capacitor is VITAL in this 
position. This is a new way to use a capacitor. 

An audio coupler separates the AC signal from 
DC voltage: 


e Itisolates the Op Amp from current. 
e The AC signal passes through the capacitor. 


e The AC signal is automatically set to the Op 
Amp’s reference level. 


AC signal passes through the capacitor. This idea 
is similar to sound passing through a closed window 
just like it is shown in Figure L51-6. Wind can’t pass. 
Think of how the vibrations of sound pass. The win- 
dow vibrates, too. 


vibration ` 


IGOGOHoSSS 


POSOSoOSsoe 


Figure LS)-6 


The active voltage changes created by the signal 
on one side of the capacitor affects the charge on the 
opposite plate of the capacitor. 


Notice how the parts have been changed in this 
setup. There is a feedback loop from the output to the 
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inverting input of pin 2 as shown in Figure L51-7. An A portion of the output signal is now being fed 


animated version of this is available to view at back into the system through the potentiometer. This 
www.books.megraw-hill.com/authors/cutcher. The setup allows the potentiometer to act as a volume 
AC signal is already centered around the reference control. Lesson 52 is dedicated to investigating and 
point determined at pin 3. explaining the action of the potentiometer and how it 


acts as the volume control. 


V+ 


REF 


gnd 


Figure LSI-7 


Lesson 52: Using 
Feedback to Control 
the Gain 


I don’t want this to sound like a psychology class. 
Negative feedback? Well, we do need to use negative 
feedback to control the gain. You just built the Op 
Amp. Now you get to test it. You will set the gain 
through its unique feedback system. Actually, it’s only 


a voltage divider applied in a familiar way. 


At the end of Lesson 51 you built the preamplifier AEEA 
section. This is where things like volume are con- 
trolled. It is so much easier to control the signal when sure to use the wave files provided because they are 
it is small. You are going to build a half-watt intercom analog signals that have not been digitized or com- 
system. The potentiometer is rated for one quarter pressed. Use the software volume control to adjust 
watt. Using the potentiometer to control the volume, the level of the signal accurately. A mouse wheel is 
the signal to the speakers directly would create most accurate. Place it on the volume adjust button 
enough heat to burn out the pots. as shown in Figure L52-2. Wheel it back and forth. 

Use Figure L52-1 as your guide as we set up for You can adjust as little as 2 mV between steps. Use 
taking some measurements needed as a foundation the output for the headphones. Be sure not to use 
for some important concepts. more than 50 mV as your input. 

The red clip of your test probe is set to the signal 1. Set the pot to minimum resistance. 


input. Your black clip is set to ground. You will need 
to set the input signal to a very small 10 mV AC. Use 
the DMM VAC to be accurate. The signal is gener- . VAC should be identical to the input and 
ated by the 1,000 Hz wave file loaded from gain = 1. 
www.books.mcgraw-hill.com/authors/cutcher. Be 


2. Measure the output signal at pin 6. 
3 
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Figure 152-2 


4, Set the pot to maximum resistance. 
5. Measure the output signal at pin 6. 


6. VAC should be 11 times greater than the 
input (gain = 11). 


Recall that gain can be stated as the ratio of volt- 
age to voltage, power to power, and even R1 to R2 in 
a simple voltage divider. 


output 


Gain = ~ 
input 


What to Expect 


Ideally, the input signal voltage for this circuit is 
between 0.010 to 0.015 V AC. 


e When the pot is set to 0 ohms, the output 
should equal the input. 


e When the potentiometer is set to 0 ohms, then 
R3+Pot gives a ratio of 1. 
R2 


e The voltage divider has a ratio of 1. Gain 
should be 1. 
e When the pot is set to 10,000 ohms, the output 


should be 11 times greater than the input. 


When the potentiometer is set to 10,000 ohms, 
then R3+Pot gives a ratio of 11. 
R2 


The voltage divider has a ratio of 11. Gain should 
be 11. 
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How It Works: Feedback 
to the Inverting Input 


Here’s a question. “Why does the volume go down 
when the potentiometer has lower resistance? 
Wouldn’t less resistance mean more current passing? 
More current passing means more volume?” 


The answer is in the fact that the output signal has 
been inverted and a portion of the inverted signal is 
now being directed back onto the original signal. It is 
the same as adding a negative number. Think of it as 
subtraction. Subtraction is exactly what is being 
shown in the graphic representation of the signal with 
feedback in Figure LS2-3. 


N MA 
Signal - Feedback = Output 


Figure L52-3 


The size of the feedback signal increases as the 
resistance in the potentiometer decreases. 

The original signal minus the larger feedback sig- 
nal results in a smaller output signal. 


Signal,, ~ Signalne, = Signal ouepur 
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The graphic in Figure L52-4 more accurately rep- 
resents a real signal. 


Exercise: Using Feedback to Control the Gain 


1. Use the setup in Figure L52-5 for collecting 
the following data (see Table L52-1). 


Resulting 
Output 


Figure L52-4 


Figure L52-5 


Table L52-1 Data 


Measurement Conditions—Voltage and Pot Settings 


VAC (A) Input = 10.0 Vac | (B) Input = 10.0 Vee | (CJ Input = 10.0 Vac 
between Input = 0.0 Va-* R4 + Pot= 1k) RY + Pot= 5 K RY + Pot = 10 Q 
TP, to TP, 


Vipu = TP, to TPrer 
V gipo > TPout to TPrer 
TP invert to TP ger 


TP, to TPiwverr 


Across 10 Q resistor 


*Input from the headphones output with the volume adjusted to 0.0 volts AC. If the input to the OP Amp is unattached, static 
in the air will give erroneous and ghostly readings. Recall the unconnected inputs in digital. 
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2: 


6. 


What was the expected gain using the resistor 
ratios in the following? 


aac R4 + Pot 
R3 

r 

b. 

C. 


What was the expected gain using the voltage 
output compared to the voltage input? 


Gain = TA 
a 

b. 

G; 


Consider what would happen if R3 were burnt 
out and had infinite resistance. (>20 MQ) 


a. Write out the expected ratio. 


b. Think about it. Would that mean the vol- 
ume would be extra loud, or not at all? 


c. Would you be able to control the 
volume? 


Consider what would happen if R3 were 
shorted out. In this case, R3 would have 0 
ohm, no resistance. 


a. State the expected ratio. 


b. Would you be able to control the volume? 


Feedback—here you will need to use a bit of 
math to help explain the real action at the 
inverting input (pin 2). 


Look at the lesson again. 


At a gain of 1, you have the least resistance in 
the pot. How does the “least resistance” pro- 
vide the quietest volume? Shouldn’t less 
resistance mean more signal? 


And that is exactly what less resistance means. 
But it means more signal in the feedback. 
More signal subtracted from the original 
input. 


a. So calculate the amount of current being 
allowed to “feed back.” 


Use Ohm’s law V = IR. You know the voltage 
and you know the resistance (see Table 
LS2-2). 
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Table L52-2 Calculations 


Current feedback to pin 2 
When R4 + Pot = I KQ 


Current feedback to pin 2 
When R4 + Pot = 5kO. 


Current feedback to pin 2 
When R4 + Pot = 10 kQ 


a me ee eee 


=æ w oe 


b. Now calculate the current that is available 
at the inverting input pin 2. That is a meas- 
ure of TPA to reference with R4 discon- 
nected so there is no feedback at all. You 
will get a measure of the full signal. The 
current at the inverting input pin 2 is 


c. A little subtraction is now in order. For 
each of the three settings above, calculate 
the real signal at the inverting input pin 2. 
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Use the simple formula: 


full signal — feedback = signal at pin 2 


See Table L52-3. 


Table L52-3  Calulations 


Full signal Feedback Signal at pin 2 
R4 + Pot = I kQ 

Full signal Feedback 
R4 + Pot =5kQ 

Full signal Feedback 


R4 + Pot = 10k 


= ee ee eee ee 


7. For this exercise, you need the following 
pieces from around the house: 


e One long and skinny rubber band 
e One short rubber band 

e One large piece of cardboard 

e Three tacks 


Now cut the long rubber band in one spot, 
giving you one long strand. 


Cut the short rubber band into two shorter 


pieces. 
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Figure L52-6 
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Gently stretch and tack the long strand across 
the cardboard surface. It should be tight 
enough to pluck. 


Now tic a short piece to the center of the long 
one as demonstrated in Figure L52-6. Secure 
the end of that tack, too. 


The long strand with the small connector alto- 
gether represents a signal. 


Now attach the second short piece to the cen- 
ter of the long strand. As you tug gently on 
that loose strand, your input acts like the feed- 
back; your force is being subtracted from the 
original force on top. 


Just like this simple physical demonstration, 
both the original input and the “inverted” 
feedback combine to create the signal that is 
being fed into the Op Amp. The sum of these 
two combines to create the final output of the 
Op Amp at pin 6. 
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Applying the Op Amp: 
Building the Intercom 


Here you'll explore the individual portions of the 
intercom as you build the system. 


Lesson 53: Building a 
Power Amplifier Controlled 
by an Op Amp 


So the Op Amp is now working as a preamp. The sig- 
nal voltage has been increased, but there isn’t much 
output at all. Time to crank up the power. 

The preamp specifically boosts the voltage toa 
level that is usable by a power amplifier. Here we will 
employ transistors as the power amp. The voltage is 
already there. The power amplifier adds current to 
the voltage, effectively increasing the power. 

Remember: Power = current (I) X voltage (V) or 
P=IV 


There is a huge variety of amplifier ICs available 
to achieve the same purpose. But I use transistors 
because this is a “teaching circuit” that lends itself to 
explaining concepts common to all amplifiers. 

Sull, there are many audiophiles that swear by 
transistors because they provide a different quality 
output than ICs. But before them, there were the 
audiophiles that swore by vacuum tubes. 


The Power Amplifier 


Modify the Circuit 

Add these components shown in Figure L53-1 to the 
preamp you have built. Note the rewiring of the pot 
and the addition of C2 (1,000 uF) and C3 (470 pF). 


Figure L53- 


NO 


The preamp created by the IM741 Op Amp effec- 3. It still provided enough current for the 


tively did three things: transistors. 
1, It amplified the voltage. The pictures in Figure L53-2 show how the transis- 
2. It limited the amount of current by its very tors act as power amplifiers. Animated versions of 
nature. these drawings are available for viewing al 


www.books.mcgraw-hill.com/authors/cutcher. 


D 
id 


Figure L53-2 

The two transistors act in opposition to each other, d. Figure the power across R3 when you had 
controlling the signal output. As the valves open and maximum volume (gain = 11). 
close, they allow for much larger movement of cur- Powerat R3 = wais 
rent than allowed previously. The voltage and larger 
quantities of current create a much more powerful 2. Now calculate the power output by measuring 
output than the 1M741 could produce by itself. the VAC available across the 100-ohm resis- 


tor, Then measure the VAC across both 100- 
ohm resistors, The reading should double. 
What? A voltage divider in AC? With those 
measurements, you can now calculate the cur- 
rent. How does it feel knowing you are in con- 


OK. So I have explained how the power amplifier 
works. Here is where you will find out how much 
power your amplifier is really producing. For all of 
the exercises, use a 1,000 Hz signal input at 10 to 


15 mv. trol of all that power? 

l. Refer back to the measurements you did in In comparing voltages used, always com- 
Lesson 52. You took all the recordings needed pare AC voltage to AC voltage, The same goes 
and did all the calculations to get started. for comparing DC voltages to each other (see 
Remember: Table L53-1). 


Power (watts) = voltage (V) X current (I) 
a. What is the VAC across R3? 
b. What is the current across R3? (V = I x R) 


c. Figure the power across R3 when you had 
minimum volume (gain = 1). Power at R3 
= watts 
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Table L53-1 Comparing voltages 


Gain of I Gain of II 
Minimum Maximum 
Value Volume 
VAC across the 
100 Q load v S V 
VIR =A O A _A 


3. In Lesson 52, without transistors, what was the 
power output at maximum volume? Ww 


In this exercise, with transistors, what was the 
power output at maximum volume? W 


C2— The Capacitor as a Buffer 


What is a buffer? A buffer cushions the blow. C2 
functions to smooth out the power supply voltage. 
The voltage demands of the power amplifier create 
huge fluctuating demands of current. A buffer, or 
reservoir in the form of a large capacitor, is necessary 
when using a small power supply such as the 9-volt 
battery. As the power is quickly tapped, the power 
fluctuates because it cannot generate current quickly 
enough. This creates an unstable signal. The capacitor 
works as a reservoir (the capacitor’s basic function). 
The large capacitor keeps the current and voltage 
supply steady. 

There is an interesting twist here. If you really 
want to hear this, you can’t use a steady tone like we 
have been using. Keep the same volume you had set 
for the 1,000-Hz tone. Now insert a music CD. Con- 
nect the system to a 9-volt battery. A larger power 
supply may be able to meet the energy demands of 
the circuit. Adjust the volume to fairly loud. While 
you are enjoying your music, pull out C2. The effect is 
noticeable. Be ready either to pull the power or jab 
C2 right back into place. The difference is that 
noticeable. 


The Second Audio Coupler 


The second audio coupler is in place specifically to 
isolate the AC output from the DC voltage as shown 
in Figure L53-3. 


D 
AC Signal a eferencê at 1/2 of y+ C3 


om 


Figure L53-3 


In reality, if this capacitor were not in place and 
the speaker were connected between the output and 
ground, the entire signal ceases to exist. The AC out- 
put signal would be destroyed because the signal and 
feedback at pin 2 would be referenced to ground in a 
DC system. They would no longer be floating artifi- 
cially referenced to a redefined ground at half of the 
voltage. Take a moment and trace the circuit. 

If you want to stop the circuit from working, go 
ahead and bypass C3 and connect the speaker 
directly to the connected emitters. 

What? It stopped working? Don’t say I didn’t tell 


you so. 


Lesson 54: Using the 
Speaker as a Microphone 


An intercom has a microphone on one side and a 
speaker on the other. But you don’t have a micro- 
phone? You can use the speaker as a microphone. To 
do this, though, you have to understand a bit about 
how a speaker works. The speaker was designed as a 
speaker, not a microphone, as we will use it. It puts 
out a small signal—tiny. 
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When we use the speaker as a microphone, the fol- 
lowing happens: 
e Sound vibrates the cone. 
e The cone moves the magnet. 
e The magnetic field causes electron movement 
in the wire. 
e This signal is used as the input to the 


Op Amp. 


But still, the speaker is a poor microphone. It was- 
n’t designed to be used as a microphone. But don’t 
take my word for il. 


Record this important information. 
!. How much of a signal does the speaker pro- 
duce on your DMM? 


a, Attach the DMM to the speaker. Set it to 
VAC. Red probe to V+ and black to V—. 


b. Speak into the speaker with your mouth 
about 2 inches (5 cm) from the cone. It’s 


F Oscilloscope 2.51 Trig 
File Edit Options {On 


Figure L54-1 


(Gets eo we 


Adjusts 
G 


best to read from printed material rather 
than sit and repeat “Hellooooo.” 
mV 


c. The best input signal you can produce is a 
“pucker” whistle. mV 


How much of a signal does the speaker pro- 
duce on your oscilloscope? 


a. Hook up your speaker to the test cord, not 
the one with the voltage divider built in. 
Plug the test cord directly into the com- 
puter sound card microphone input. We 
are not using the oscilloscope probe. The 
signal is too small. If we used the voltage 
divider, it would not register. Use the oscil- 
loscope setup shown here in Figure L54-1. 


b. Speak into the speaker. Make note of the 
maximum positive and negative voltages 
on the exercise sheet. 


c. Now whistle into the speaker. You should 
see a beautiful sine wave. Did you know 
that your whistle was a pure tone? 


disables 
"Adjust Gain" 


Trigger allows 

you to stabilize 

“| “| z| >} the signal. 

-x - -| Note Indicator* 
-| -| line on left side 


O00rms | |. _| .| of the screen. 
0.00 ms i 
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d. Draw a representation of your whistle sig- 
nature onto the scope face provided in Fig- 
ure L54-2, 


Whistle Wave Form 


Figure L54-2 


Cl 
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n 
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Figure LSY-3 


Audio Feedback 
too close 


Figure LSY-4 


Hess- 


No Audio Feedback 


Applying the speaker in the circuit. 


a. 


Now set this second speaker into your SBB 
as shown here in Figure L54-3. 


. Turn the gain down all the way and use 


your pucker whistle. 


. As you increase the volume, the circuit 


might start screeching at you. Notch the 
gain backward until the screeching stops. 
The screeching is caused by feedback 
demonstrated in Figure L54-4. Sound from 
the output is reaching the input and multi- 
plying itself. 


. You can solve this problem in two ways. 


The first is to give more distance between 
the output and the input. But right now, 
you can remove the output speaker. This is 
an easy solution for the moment. After all, 
you will need to do some measuring at the 
output, and don’t want the speaker to get 
in the way. 
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4. Scoping the circuit output. 


Replace the speaker with the test probe Lesson 55; Introducing 
clips, the red clip to C3 (neg), and black to Transformers and Putti ng 


ground. The cord is plugged into the sound 


card line, or microphone input. It All Together 
b. With the volume turned all the way down, 

whistle and look at the signal on the scope. Right now the output directly from the speaker is a 

It should be identical to the signal taken paltry 1 millivolt. So the output from the amplifier is 

directly from the speaker earlier. also very weak. Such a small signal needs to be 
cleanly amplified even before it is fed to the preamp. 
To restate, the signal needs to be preamplified before 
it gets to the preamplifier. Without having a two- 
stage preamplifier, there just isn’t enough signal there 


a. 


c. Now turn the volume all the way up. Whis- 
tle again. Draw this on you the scope face 
in Figure L54-5, 


to control the power amplifier. 
Amplified Whistle Wave Form Here I will introduce transformers as a method to 
preamplify the signal to the preamp. It is frequently 
done with microphones as well. 
Here is a great place to use a transformer. See Fig- 
ure L55-1. 


Figure L54-5 | 


5. Check out the AC voltage of the maximum 
output of your whistling using the DMM. 
ACV Max. 


6. Listen to the circuit output. 


Figure L55-1_ No no no! Not one of those! 
a. Now before you put the output speaker aa E NOORE Gee 


back in, solder the ends of the dual wire 


line to your speaker. That line should be at 
least 5 feet long. Place it back into the What we have here is another basic electronic 


circuit. component. Transformers are used in homes in every- 


b. Place the input and output speakers as far thing from wall adapters to microwaves. Larger ver- 


from each other as possible. sions are vital to the supply and distribution of 


electric power. You will use a miniature transformer 


c. Whistle into the input speaker. like the one shown in Figure L55-2. 
Hmm. The output is very quiet, even at full 
volume. 


The last component will take care of that. 
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Figure L55-2 


How a Transformer Works 


Actually, there are two main questions here. 


e How does a transformer work? 


e What does it transform? 


As you saw with the speaker, moving electrons 
create a magnetic field. What was not mentioned is 
that the reverse is also true. A moving magnetic field 
induces (encourages) electrons to move in a conduct- 
ing wire. The moving electrons in one wire create a 
magnetic field that induces electrons in nearby wire 
to move as shown in Figure L55-3. 


Figure L55-3 


Also notice that a second wire is too far away to 
be influenced by the magnetic field created in the 
first wire. Animated versions of these figures are 
available for viewing at www.books.mcgraw-hill.com/ 
authors/cutcher, 

Pretty fancy! But better yet, examine Figure L55- 
4. It depicts how this concept is applied so neatly in 
electricity and electronics. 


Figure LS5-U 


If we lay many wires next to the “primary” wire. it 
will induce (encourage) a voltage in each of the “sec- 
ondary” wires. But wait. There’s more. If each of 
those secondary wires is connected as one long wire, 
the voltage induced in each wire is added to the next. 
This is shown in Figure L55-5. 
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= 


1 secondary 


Figure L55-5 


Checking Out the Audio 
Transformer 


Pull out the miniature audio transformer. It should 
be wrapped in green. Various colors indicate various 
uses. Most likely there will be three wires on one side, 
only two on the other as shown previously in 

Figure L55-2. 

If there are only two wires from each side, con- 
tinue with the following exercise. It will become obvi- 
ous which side is primary and which is secondary as 
you do the work. 


The primary side has two wires. The secondary 
side has three wires. The middle wire on the second- 
ary is referred to as the center tap. You can clip and 
tape it off. We won't use it at all. 


Plug the test cord into the headphones output of 
your sound card. Use the software-based volume 
contro] to adjust the 1,000-Hz wave output to 5 
mVAC. Now attach the clips to the primary wires of 
the transformer as shown in Figure L55-6. Measure 
the output of the two outermost secondary wires (see 
Table L55-1). 
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Volume Control | 
Balance: 
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DMM 
VAC 


Volume: 


Secondary 


Primary 
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Figure 155-6 


Table L55-1 Output measurement 


Ratio of 
Output VAC 


Input VAC 


Output at 
Secondary 


Input to 
Primary 


5 mVAC 

10 mVAC 
25 mVAC 
50 mVAC 


100 mVAC 


Output Signal ; 
Taut re a Average Ratio = 

In transformers, the fixed gain is referred to as a 
step-up or step-down ratio. This ratio actually reflects 
the physical relationship of the number of primary to 
secondary windings. A stepup of 8 is created when 
you have 20 windings in the primary and 160 wind- 
ings in the secondary. A wall adapter steps the volt- 
age down. For example, one that provides 9 volts 
from a 120-volt system literally has a ratio of 120 
windings in the primary for every 9 in the secondary. 
That’s close to a ratio of 13:1. 

The ratio on the audio transformer should be 
much greater than 1:1. If it is less than 1:1, you have 
your input connected to the secondary side of the 
transformer. 

Now attach the speaker to the primary side of the 
audio transformer. Again, use the DMM to set the 


for the Evil Genius 


output at the secondary to measure AC voltage as 
shown in Figure L55-7. 


I! 

TI 

DMM F 
VAC -= 


Secondary 


al Co a Figure L55-8 

Figure L55-7 Whistle pucker style for best results. 

2. Now test the entire system using the 1,000-Hz 
signal. Set the output of your sound card to 5 


IS e TEMA co no ace mVAC by first connecting it to the DMM. Use 
the software control to set the output signal 


Output at Secondary = mMVAC 
strength precisely. 
Does this match the previous ratios? [t should. 3. Measure the AC signal at different points 
indicated and record the readings in Table 
L55-2 provided. 
Inse rt the Audio Tra nsformer Parts list for reference: 
into the Circuit R1, R2 100 ka CL=47 uF 
R3, R4 1,000 Q C2 = 1000 pF 
1. Insert the audio transformer into the circuit as 7 
shown in Figure L55-8. ore 
Table L55-2 AC signal measurements 
5 mVAC 5 mVAC 10 mVAC 10 mVAC 
| O00-Hz Sine Wave Tone Gain=1 Gain = Il Gain=1 Gain = I] 
VAC TP input to reference 
VAC TP output to reference 
5 mVAC 5 mVAC 10 mVAC 10 mVAC 
Favorite Music CD bain = ] Gain = Il Gain = 1 Gain = Ii 


VAC TP input to reference 

VAC TP output to reference 

Points to keep in mind. 

|. This is not a high-fidelity system. 

2. Any feed higher than 10 mVAC will probably start sounding lousy because of clipping. The output signal is limited to 4.5 volts above 


the reference and 4.5 volts below the reference. You can’t get more with this system. Try for bigger and you lose most of the signal. 


me m m eee ee o an ar a o o o o o e 
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get the best quality and volume. At this point, you 
The Intercom System 


will find it necessary that the two speakers are sepa- 


rated by at least 5 feet of wire. If they still squeal, turn 
Remove the test cord and put the speaker to be used 


; : down the gain or put one speaker on the other side of 
as a microphone into place as shown in Figure L55-9. 


a sound barrier like a box or door. Take a few more 
Now you can use it as an amplifier. Talk into the measurements (see Table L55-3). 
speaker set up as the microphone. Adjust the gain to 


Tl 
8 
a eS 
a= 
Figure 155-9 


Table L55-3 Measurements 


Pucker Whistle into Speaker MmVAC mVAC mVAC mVAC 
Gain = Gain = Il Gain=1 Gain = Il 
VAC TP input to reference 


VAC TP output to reference 


. m m eee ee eee eee 
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Putting It All Together 


Lesson 56: Switching to 
the Two-Way Door Phone 


Yes, you now have the first half of the intercom sys- 
tem. But with a flick of a switch, you can reverse the 
signals, making two halves of an intercom. Then you 
can finish up. 


The Evolution of Switches 


Up until now, you have been using momentary con- 
tact switches like the ones shown in Figure LS6-1. 


Figure L56-1 


Normally open push buttons have contact only 
when they are pushed and held. 

Normally closed push buttons have contact all the 
time, until they are pushed. 

Examples of these can be found in telephones to 
game controllers, 

The single-pole single-throw (SPST) switch dis- 
played in Figure L56-2 has a definite on and off 
position. 


Figure L56-2 


It is designed to be used with only one circuit 
pathway. 

The single pole double throw (SPST) switch splits 
one line into two paths. The example shown in Figure 
L56-3 shows how a single voltage can be used to 
power two different items. Sometimes there is an off 


dy 


common 


position set into the middle. 


° 
Ne 


GEE +] 
x 


common 


| 


v9 
Troman 


® 


Figure L56-3 


Notice that the center tab is able to have a connec- 
tion to either side, depending on the position of the 
toggle. 

The double-pull double-throw (DPDT) switch is 
like having two SPDT switches glued together side 
by side, sharing the same toggle. Figure L56-4 dis- 
plays the commonly found package of the DPDT 
switch. Note the action of the switch in Figure L56-5. 
Except for the toggle, the two sides are completely 
independent of each other. 


Ye 


Figure L56-U 


The DPDT is found frequently used on sterco sys- 
tems. They are often paired with indicator lights to 
show the current function chosen. 


3VDC 


Figure L56-6 
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Figure L56-5 


But wait ...aren’t stereo systems just that? Stereo! 


They have a left and a right signal. Each side is 
completely separate, too! Figure L56-6 shows how 
two DPDT switches can be made to work together in 
a big switch. It would be a double, DPDT switch. But 
let’s make life easier. Just call it a 4PDT switch. Fig- 
ure L56-6 displays the four poles and double throw. 


Now that’s a switch! They don’t come much bigger 
than that! 


normal 
indicator 
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Making the Two-way Door 
Phone 


So far, you have the complete system as shown in Fig- 
ure L56-7. 


It uses a speaker as a microphone and you can talk 
one way. By using the 4PDT switch, you can make it 
into a two-way system. This is done by rerouting the 
input and output signals. Figure L56-8 shows the 
numbering of the tabs for the 4PDT switch. Study the 
wiring diagram in Figure L.56-9 carefully. You don’t 


Figure L56-7 


2 N 
common | 


Figure L56-9__ l 


Section Seventeen 


want to make a mistake here. Each speaker will have 
four wires, two on each side. 


Recognize that, depending on the position of the 
switch, only one on each side will be connected at any 
time. In one position, the speaker on the left acts as 
the microphone. In the other position, the speaker on 
the right acts as the microphone. 


That is all there is to it! 


There is only one switch, and you control it from 
the inside. 


Lesson 57: Assembling 
the Project 


See Table L57-1 for project parts list. 


Table L57-1 

Parts List 

R1, R2 100 kQ 

R3, R4 1kQ 

Pi 10KO 

Ci 4.7 pF 

C2 1000 pF 

C3 470 pF 

TI Audio transformer (1:50) green 
1C1 741 low-power Op Amp 
Q1 2N3904 NPN 

Q2 2N3906 PNP 

Speakers (2) 8 


Switch 4PDT 


-= m e ee ee eee 
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2(4PDT) 
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Figure L57-I 


Figure L57-1 shows the PCB and parts placement 
for the door phone. 

Assemble the project onto the printed circuit 
board. 

The speaker wiring diagram is shown in Figure 
L57-2. 


\o 
PALS Ua aed 
N 


Figure L57-2 


Remember to be careful as you do the assembly. 


1. Solder the 8-pin chip seat for the 741. Do not 
solder the IC directly. 
2. Note the placement of polar components. The 


only nonpolar components you have in this 
circuit are resistors, 


220 


T 
1 


5 (4PDT) 


|) (AFDT) 


3 (4PDT) 


3. The 3904 and 3906 transistors are not inter- 
changeable in any circuit. Be sure they are 
properly placed. Overheating the transistors 
with a solder pen will destroy them. If the cir- 
cuit doesn’t work after soldering, check the 
transistors. Use the transistor check sheet in 
the appendix. 


4. The potentiometer will not fit directly onto 
the PCB. Solder short wires to the legs of the 
potentiometer. Keep them short or they will 
act like antennas and be the source of a back- 
ground hummmmmm that shouldn’t exist. 


One last note. You can easily modify this 
intercom to provide more power. Purchase 
the NPN 3904 and PNP 3906 in the larger TO- 
220 package. Note their pinout may be differ- 
ent from the TO-92 packages. Be sure to 
attach a large heat sink to the back of each of 
them. The heat sinks have to be insulated 
from the rest of the circuit because they have 
voltage on them. Get a much higher amperage 
power supply. A wall adapter rated for 500 
mA will provide over 4 watts in a 9-volt sys- 
tem. The voltage rating should stay the same. 
Get 4- or 5-inch 8-ohm speakers rated for 5 
watts, Have fun. 
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automatic display fade-out, seven-segment display, 


A 157-160 
automatic night light, 36-41 
alarm assembly, silicon-controlled rectifier, 45 about, 36-37 
alternating current (AC) building, 40 
in direct current environment, 196-199 how it works, 37 
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amplifiers, 175-190 
amperage, 177-181 B 
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parapet analog-todigital converter, 130 
POWER ae circuit resistors, 19 
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creating switch, 128-131 

DigiDice, 127 

possibilities, 127-128 

power diode, 128 C 
random number generator, 127 
safety, 128 

setups, 130 

signal diode, 128 


scope probe, 99-100 
buzzer, digital logic system design, 111-112 


capacitor as buffer, power amplifier, 209 
capacitors, 4, 23-26, 28-29 
carbon ring, potentiometer, 17 
troubleshooting PCCP, 133-136 carry-in,4516,153 
zener diode, 128 carryout, 4017 walking ring counter, 139 
AND gate, 54,56 circuit transformers, 215-216 
circuits 
building, push buttons, 27-28 
effect, resistors, 15~17 
clock signal, 4017 walking ring counter, 141-143 
CMOS Cookbook, 128 l 


animated sign project, 163-164 

audio coupler, power amplifier, 209 

audio coupling and inputs, 199-202 

audio for NAND gate oscillator, amplifiers, 176 
audio transformers, 214-215 
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coin-activated switches, digital logic system design, 106 
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comparative inputs, 199 
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contact switches, digital logic system design, 105-106 

control using 4511 BCD, 7-segment display, 148-152 
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digital logic system design, 107 
light-sensitive switch, 85 
defining projects, 161-167 
designing projects, 161-167 
detector project, 163 
DigiDice, 127 
digital circuits, analog switches for, 79-86 
digital logic, 49-63 
about, 49-52 
binary alphabet and, 52-53 
design, 105-118 
Gates, Bill, 49 
logic gates, 54-60 
spoiled billionaire, 53-54 
digital logic application, 121-123 
building project, 121-122 
inputs, 122-123 
digital logic system design, 105-118 
buzzer, 111-112 
coin-activated switches, 106 
contact switches, 105-106 
dark detector, 107 
enclosure, 118 
gassy cow, 114 
heartthrob teddy, 117-118 
high-powered outputs, 111-113 
inputs, 105 
jiggle me teddy, 115-116 
KISS principle, 118 
LEDs, 111 
light-dependent resistor, 107-108 
light detector, 107-108 
low power, 111 
motor, 113 
music chip, 111 
outputs, 111-113 
parts, 118 
pop can motion detector, 113-114 
processors, 108-111 
relays, 112-113 
resistor/capacitor circuit, 108-109 
safety, 118 
shadow racer, 114-115 


speakers, 112 
supercheap keyboard, 116~117 
time, 118 
timing circuits, 110-111 
touch switch, 108 
digital] multimeter, 7 
diodes, 3 
direct current, Op Amp, 191 
direct current environment, alternating current in, 
196-199 
direct current voltage, 12 
disk capacitors, 25 
dual inline package, 60 


E 


enable, 4017 walking ring counter, 143-145 
enclosure, digital logic system design, 118 
equipment 

connection wire, 7-8 

digital multimeter, 7 

solderless breadboard, 6-7 
event counter and trigger project, 166 
evolution of switches, 217-218 


F 


feedback, 202-206 
film capacitors, 26 
first circuit, 9-12 
breadboarding, 10-11 
direct current voltage, 12 
LED1, 10 
measuring voltage, 12 
power diode, 10 
setting up solderless breadboard, 9-10 
flash rate, NAND gate oscillator, 93-95 
force, amplifiers, 181-182 
4011 dual input quad NAND gate, integrated circuits 
CMOS ICs, 62-63 
4511 BCD, 149 
4511 display driver 
breadboarding, 149-150 
troubleshooting, 151-152 
4516, 152-157 
basic operation, 153 
breadboarding, 153 
carry-in, 153 
data sheet, 152 
preload, 153 
reset, 153 
up/down control, 153 
4046 voltage-controlled oscillator, analog-to-digital 
converter, 131-136 
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4017 walking ring counter, 137-14] 
breadboard, 137 
carryout, 139 
clock signal, 141-143 
controlling count, 143-145 
controlling count by reset and enable, 143-145 
data sheet, 138-139 
enable, 143-145 
reset, 143-145 
troubleshooting, 139-141 


G 


gain, amplifiers, 185-188 

gassy cow project, 114 

gate processor, NAND gate circuit, 69-70 
Gates, Bill, 49 


H 


hardware, 5-6 
heartthrob teddy project, 117-118 
hertz, 93 
high-powered output, digital logic system design, 
111-113 
I 
inputs 


as analog sensors, 54-55 
audio coupling and, 199-202 
comparative, 199 
digital logic application, 122-123 
digital logic system design, 105 
projects, 168-169 
switches, NAND gate circuit, 73-77 
integrated circuits CMOS ICs, 60-63 
4011 dual input quad NAND gate, 62-63 
series, 61-62 
intercom system 
Op Amp, 207-216 
transformers, 216 
inverting amplifiers, 188-189 
IQ meter project, 164-165 


J 


jack, oscilloscope, 101-102 
jiggle me teddy project, 115-116 


K 


KISS principle, digital logic system design, 118 


L 


Lancaster, Don, 128 
LED1, 10 
LEDs, digital logic system design, 111 
light-dependent resistors, 19-21 
breadboard circuit, 20-21 
digital logic system design, 107-108 
light detector 
digital logic system design, 107-108 
light-sensitive switch, 84 
light-emitting diodes, 4 
light-sensitive switches 
analog switches, 83-85 
dark detector, 85 
light detector, 84 
logic gates, 54-60 
breadboard NOR gate, 59-60 
AND gate, 54, 56 
inputs as analog sensors, 54-55 
NAND gate, 58 
NOR gate, 58-60 
NOT AND gate, 54 
NOT gate, 55-56 
NOT OR gate, 54 
OR gate, 54, 57 
voltage states, 54 
love meter fortune teller project, 165-166 
low power, digital logic system design, 111 


M 


mapping, solderless breadboard, 8-9 
measurements, Op Amp, 199 
measuring 

value resistors, 14 

voltage first circuit, 12 
modify circuit 

NAND gate oscillator, 94-95 

sound output, 96-97 
motor, digital logic system design, 113 
mounting parts, automatic night light, 41 
music chip, digital logic system design, 111 


N 


NAND gate, 58 

NAND gate circuit, 65-77 
building, 65-67 
data sheet, 77 
gate processor, 69-70 
inputs are switches, 73-77 
resistor capacitor circuit, 70-73 
testing input, 67-69 l 
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NAND gate oscillator, 87~90 
building, 87-88 
flash rate, 93-95 
modify circuit, 94-95 
series of actions, 92 
system at rest, 91 
tracking table, 95 
troubleshooting, 88-90 
understanding, 90-93 
night light amplifiers, 175-176 
no modification switch project, 168 
noninverting amplifiers, 188-189 
NOR gate, 58-60 
NOT AND gate, 54 
NOT gate, 55-56 
NOT OR gate, 54 
NPN transistor, 30-32 
build demonstration circuit, 31 
how it works, 31-32 


O 


observations, sound output, 97 
Ohm’s Law, 179 
Op Amp, 189-191 
AC on oscilloscope, 192-196 
alternating current, 192 
amplifiers, 189-191 
direct current, 19] 
intercom, 207-216 
measurements, 199 
voltage comparator, 200-201 
OR gate, 54, 57 
oscilloscope, 98—102 
about, 98-99 
building scope probe, 99-100 
connecting clips, 100 
jack, 101-102 
voltage divider, 100-101 
outputs, digital logic system design, 111-113 


P 


parts, digital logic system design, 118 
parts inventory, 3—6 
capacitors, 4 
diodes, 3 
hardware, 5-6 
light-emitting diodes, 4 
resistors, 4 
semiconductors, 3—6 
silicon-controlled rectifier, 4—5 
transistors, 5 
picofarads, 25 
PNP transistor 


about, 33-34 
breadboard circuit, 34 
how it works, 35-36 
pop can motion detector project, 113-114 


possibilities, analog-todigital converter, 127-128 


potentiometer, 17-19 
power amplifiers, 182-185, 207-209 
audio coupler, 209 
capacitor as buffer, 209 
speaker as microphone, 209212 
power diode, 10 
analog-todigital converter, 128 
preload, 4516, 153 
printed circuit board, 40 
processors 
digital logic system design, 108-111 
projects, 169-172 
projects 
animated signs, 163-164 
defining, 161-167 
designing, 161-167 
detector, 163 
event counter and trigger, 166 
inputs, 168-169 
IQ meter, 164-165 
love meter fortune teller, 165-166 
no modification switch, 168 
processors, 169-172 
ray gun, 162-163 
self-kicking oscillator, 169 
slot machine, 166-167 
timed off, 169-170 
timing, 162 
two input digital, 168 
VCO, 169-170 
walking ring, 170-171 
push buttons, 27, 28-29 
cicuit building, 27-28 
normally closed, 27 
normally open, 27 


R 


random number generator, 127 
ray gun project, 162-163 
reading resistors, 14-15 
relays, digital logic system design, 112-113 
reset 
4516, 153 
4017 walking ring counter, 143-145 


resistor/capacitor circuit, digital logic system design, 


108-109 


resistor capacitor circuit, NAND gate circuit, 70-73 


resistors, 4, 13-21 
band designations, 13 
breadboarding circuit, 19 
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effect on circuits, 15-17 
light-dependent, 19-21 
measuring value, 14 
potentiometer, 17-19 
reading, 14-15 
running seven-segment display, 147-160 


S 

safety 

analog-todigital converter, 128 

digital logic system design, 118 
self-kicking oscillator project, 169 
semiconductors, 3—6 
series, integrated circuits CMOS ICs, 61—62 
series of actions, NAND gate oscillator, 92 
setting up 

analog-to-digital converter, 130 

solderless breadboard, 9-10 
seven-segment display, 148 

4511 data sheet, 148 

automatic display fade-out, 157-160 

breadboarding, 149-150 

common cathode, 147-148 

control using 4511 BCD, 148-152 

introduction, 147-148 

running, 147-160 

troubleshooting, 151-152 
shadow racer, digital logic system design, 114-115 
signal diode, analog-todigital converter, 128 
silicon-controlled rectifier, 4-5, 41 

assembling alarm, 45 

breadboarding, 42-45 

complete system, 44-45 

static buildup, 44 
slot machine project, 166-167 
solderless breadboard, 6-7 

mapping, 8-9 

setting up, 9-10 
sound output, 96-97 

modify circuit, 96-97 

observations, 97 
speaker as microphone, 209212 
speakers, digital logic system design, 112 
specialized transistors, 41-45 
spoiled billionaire, digital logic, 53-54 
static buildup, silicon-controlled rectifier, 44 
supercheap keyboard, digital logic system design, 

116-117 

switches, analog-todigital converter, 128-131 
system at rest, NAND gate oscillator, 91 


T 


testing input, NAND gate circuit, 67—69 


time, digital logic system design, 118 
timed off project, 169-170 
timing 


circuits, digital logic system design, 110-111 


projects, 162 
touch switch 

analog switches, 85-86 

digital logic system design, 108 
tracking table, NAND gate oscillator, 95 
transformers, 212-216 

audio, 214-215 

in circuit, 215-216 

intercom system, 216 
transistors, 5 

as amplifiers, 175-181 

amplify output, 102-103 

introduction, 29-30 

modifying circuit, 102-103 

NPN transistor, 30-32 

PNP transistor, 33-36 

specialized transistors, 41-45 
troubleshooting 

4511 display driver, 151-152 

4017 walking ring counter, 139-141 

NAND gate oscillator, 88-90 


PCCP, analog-to-digital converter, 133-136 


seven-segment display, 151-152 
two input digital project, 168 
two-way door phone, 217-220 

assembling project, 220 

evolution of switches, 217-218 


U 


up/down control, 4516, 153 


V 


VCO project, 169-170 
voltage comparator, Op Amp, 200-201 
voltage dividers 
analog switches, 79-83 
oscilloscope, 100-101 
voltage states, logic gates, 54 
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walking ring project, 170-171 
work, amplifiers, 182 


zener diode, 128 
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